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The manual contain« the theoretical principles of Interior 

ballistics and the contemporary methods of solution of Its a*In 

proMc«*».  The course Includes investigations and studies accomplished 

In recent year« in various branches of this science.  Also, a short 

historical description la given of the development of interior 

h»l 1 lMtlCM.   The latter emphasizes the leading part played by 

Russian scientists prior to the October revolution, and particularly 

after it. 

Considerable attention is given to the practical aapecta of a 

series of problems.  Reference is made to a sizable quantity of 

test data, examples and problems helpful In mastering the method 

of basic ballistic calculations. 
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SßT 

rouvou 
"Military  »clcnce  and  research   laatltutes,   a* ««11 

a« our  cadre*  of   designers should  constantly  and  per- 

sistently   Improve   the   standards of   th«   Soviet  Military 

technical   thought,   perfect  our ur  Materials and 

develop   new  and   better  specimens of   It." 

{Tro*  the   upocch  of   the  marshal  of   the  Soviet  Union,   H.A. 

Bulganln,   on   the   23rd  "     February   194ft 

Interior Du 11 A«.'1CM appear to be a .laste aspect of artillery, 

closely related to a iirne number of i -*pl"x branches of artillery 

sciences which Insure the formation o Us modern artillery systes 

and   related   »»Munition   problems. 

The   power   characteristics of   the  weapons,   their efficiency  and 

conformance   to   the   tactical   and   technical   requirements,   depend   to 

a   significant   decree  upon   the   power   and   . »tlonal   solution  of   interior 

ballistics  problems. 

Th?  demands  on  artillery  wtaproL    increased   rapidly  prior   to   tne 

second  world  war,   and  particularly  during   the   hostilities. 

"Mechanized  Warfare"   required   the   creation  of    -ntlrely  nes 

types of  artillery   weapons,   an   lncrc-i»   In   the  power of  existing 

types of  weapons,   and  an extensive   ^»«lextty of  materials.     Quantitative 

variations of   the   basic   fire   parameters  caused  d~'.u   ce  qualitative 

sodlflcatlons  oi   artillery  materials. 

Therefor«,   the   problems  confronting   Interior   ballistics  at   the 

present   time  cannot   be  compared   in any say with   Interior  ballistics 

problems of   the   first  quarter of   the  twentieth  century,   with  respect 

to   their complexity  and   variability. 
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TIM io—tic iaterier bellietica,  toipifiMy te all other 

r«Ut*4 braecbee af artillery ecleucee,  pragreaaod aad developed 

along outline* peculiar to tlwuilHi.    Artillery acleecea aad 

techalquee,  aaaag thea iatartar ballistics,  eeaataatly espaeded 

aad developed darlag the yeare of ftalla'a Five Taar Plata.    Tale 

created type* of artillery eyetee« vhlch «ara aerbedly eeperlor, 

•a raapacta eeallty,   ta thoas ef foreIge armlee,  aa provee by taa 

practice of taa Orast bee» laud War («aria War ID. 

Artillery  technology continued to develop efter the war,   und 

the deaanda oa  it ara  increased.     Thus,   tha  taaks sud scepa of 

problean vhlch  interior ballistics has to cops with und soIT« ara 

•ldeaed. 

la order to eolve tbaaa tasks successfully, it is first neceaeary 

to have aa advaeced theory asyj->rt»d upon a aa da ra esperleeatul 

basis. Secondly, ee aaad paraoaaal faaillar with tbia tbaory aad 

tha related esperiaeate, who are capable of following the guiding 

iaatructioaa expreeeed by Cearade A.A. Zhdaeov la a philoeophlcal 

dlecuaaloa, that "the baalc task of all acieace appeara to be lta 

further pregreee, the derivetioa of aa* rulee, the teatlag of lta 

theses la practical appllcetioa,  and the replacaeaat of outdated 

aaauaptiaaa by aa« eeea.M 

Tha velae» of probleea confronting iatartar ballistics haa 

aldeaad aigaifieaatly tre* the tlaa of the 10»» edition af the 

standard etudy aaaaal "Iaterier Balliatlca, ** exit tea by M.I. 

ferebriabov, ©.•. Oppobov aad I.E.  Oretea.    •eletleea aara alao 

worked out for a aariaa of aa« problaaa. 

la compaction with thia,  coaalderatloa vaa given to the 
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publication of • IM* atudp aaaaal •• iatorior ballistics,  «hie* 

wo« 14 be adequate for tha lacreaaed daaaada of aodara artillery 

technology aad which would otfmr aateriala aad aetboda for the 

farther developeoat of  this braacb of ecleace. 

Yho propoead aaaaal diffare groatljr fro« tho textbook 

publlahed  in  1939.     It coatalaa a aerlee of aowljr wrlttaa a*ctloaa 

aad chaptere,   which preaeat aolutloaa of probleae ia coaplex caeve 

reeultlog froa tha developaeat of artillery technology. 

Tha oaaual  raflacta aa exteaalve Methodical  otudy,   carried 

out   la  tha  latarlor balllet Ice Oapartaaat of  tha Artillery Acadeay 

durlnic   tha  yearn of   the Craat  doseland far   (world    War  II)  aad 

aubeequeatly  to   It. 

Baalcally,   tha  count  waa put   together  froa atadlaa aad 

laveetlgatlooa ot our Soviet  acleatlata,   lac ludla«  lacturara of 

tha   Interior Balllatlca Oapartaaat of   tha  Artillery Acadaajr. 

Studiea of  foreign authora ara utilised oaly for the purpoeo« 

of clarification of tha hiatory of oaa prohlaa or aaothar.     Tboae 

ralata aalnly  to atudiaa oa  luveatlgatloaa of poadar coaboatloa, 

aad oa aoaa othara coaductad prior to 1925. 

Tha court« la deal fa* ted aa a haale etudy aaaual  for etudeat« 

of  tha engineering dapartaaata of  tha Artillery Acadaajr aad other 

laatitwtioa* of  higher education.     Alao,   for tho guidance of 

eaployaea of dealga officaa,   factorlee,   iaatitataa aad laboratorlee 

active  la proceaeieg,   lareatigatlag tad craatlag ao* typee of 

artillery «expose aad •••••iiie».-       Tee hook ahoald alao ho of ado 

to a wid« circle of acieatlflc worker«,  aaglaoara aad ataddata ia 

advanced couraaa of  lnatltutioaa of higher adacatioa. 
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TW e—r—   MC «»BBTebeeed of tbo latredactloa aad tbree MCtlvM. 

Per tbo MaeiaT paart*,,   the iatrodactiea 1« eevly vrittea.     Ipwlil 

eapaa«i« ta yliaai 41» tbo relatioa of iatorior balliatlca to tbo 

deatga of arttiaaaVf ^BN aad aaawaltioa.    A aov chapter eat1 tied 

"Pro« tbo m<o»i •«? t*e> Developaeat of  Iatorior «allletica- vaa 

vrittoa,  etr««dtdd*e) 44« leading part of «aaelaa acioatlata prior to 

and aftor UM OmtJLmr «Wrolutloa. 

The first dje«f4*dbal  aatitlad "Pbyeical Priaclplee of Iatorior 

Balliatlca**, pV*aä%a*a*a*tä5 dtfe account of the pfcjraieal prlaciploa of 

interior be 11 t«*i*a=e> «TaW of  the pheeoeeaa  taking place durlag flrlag, 

froa  the  etart *$f «JbaedbAr coabuatloa to  the »ad of  tba poriod of 

tha  af ter-ef fe<4dT> datal g|aa«V    OB  tba  projectile  and oa  tbo  gaa barral. 

Tb« baele djaaaatjpc dar pracadad bara  by  tha  f trat  chaptar, 

coatalaieg  iaf««a*a**ataaaa. dMl powdara aad  tbalr baaic cbaractarlatica. 

Ptartpfdta| #«Taf <d"dMaioaa of aoao apaclailata,   to tbo affact 

tbat  tbo  tana *jMaap*#Aa«4Q£ aad pyrodyaa«ic>» ara oatdatad at  tbo 

preoaat  tiao,   tibeT aa*ata*av coatiaaoa to utllisa  tbaaa expreaaloae 

bacaaao of tbo to- e|*aM*V aad brevity. 

arraageaeat of  tbc «aterlal coataiaad ia 

Cbaptor II,   ^MMdadabt. *p*di*«*«tatlce," aaa chaaged coaaidarably. 

Cbaptor III,   ~aWar a i ««*••!  Aaalyaia of Poadoro oa tba »aale of tbalr 

Pbyalcal Caadejtftfcaaaa ftradTatlelee," eaa oapaaded aad euppleeeated. 

Cbaptor« — tbo HilWrti »f tbo propriety of tblo or aaotber lav 

of eoasaatS*« PyaTaW «MajK. introduced 1« coaforaaace vitb tbo aodera 

eta tea of piubldjatel dkaV tftatat theory of povder coabaetioa. 

aev eotarioi aaaeV dhtavad to Cbaptor IT,   "pbyaical Prlaciploa of 

Prrodyaaolcs, - jWftjiI «V|difj • aev treataoat of eoae problea«  (tbe effect 
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of eeesber eipeaelea,   tk« «apeedea««    p^m - p0t - Paa)» 

Chapter V preeests aaterlal o« ptoao—— coaaacted «1th tk« 

••cape of gaeea,  «a tb* daratioa of tbe after-effecta «f gsees oa 

tbe projectile,  oa the asslasa racoll epeed aad projectile velocity, 

aad oa tk* conception off MM forcaa actla« oa tk« barrel vk«a 

•alag a aaasle »rate. 

Section %,  eatitled Tfcoory aad Practice of Solving Iatarlor 

Ballistics" Probless  (theoretical aad applied) pyrodyaaalcs),  preeeata 

aaalytlcal,  esplrlcal,   tabelar aad ease Meal setbods of eolvlsg 

probless  la  Interior ballistics.     Tbe «oat  important practical  taak 

of Iatarlor balllatlca,   ta« balllatlc deelga of weapons,   la discussed 

la the   laat chaptar of  tbla section.,     la thla coaaactloa,  a aarlaa 

of studies conducted by Ssselaa aclaatlata dsriag taa paat  taa years 

waa  utilised. 

The  introduction  to tbs secosd aactloa coaslders  the  taaks, 

aad gives a claaalflcatioa of  taa setnods of aolatioa.    Tbe precise 

awtbod of Profeeaor B.F.  Drosdov,   first pub11abed ia sorld literature 

ia 1910,   la  referred  to  ia Cbapter IT aa a basic eiaople.     Siallarly, 

a elapler approxlaate aolstioa of the baaic problea of iatarlor 

balllatlca  la also disc——d.     Theoretical solstloss are accoepesled 

bjr detailed solutions of esaaplea.    Tbe set bod« of aolstioa of 

Profeesor  I.P.  Grave aad Professor O.t. Oppokov are esplaleed.    Tb« 

cbapter oa tbe laveatlcatloa of baaic relatloa« for a alaple caaa 

la reerittea aad rearraaged.     It offers esplaaetioaa of tk« 

prisclpal  type« of eieseats of ballistic currea (p, vf f,  TAi as 

fsaetioas of 1). 

A aa« chapter ia iatrodweed oa tba aolstioa of tbe problea, 
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•* tas tacts sf UM» pbraical prlacipla of caabantioa,   ia 

asssrdassa tltl tba wtM af rrofaaaor 1.1.  sarabriabo*. 

OwfUr VII,   ">w»rlail sstbods ef SalatIon," ras bapt altbost 

nck cbasaa. 

Cbaptsr fill,  dlaeasslsg aapirical aotboda aad tablaa,  saa 

coaaldarably abbreviated,   becaase tba  feraar leat tbeir laportaace 

«lta taa aslateace of praclea tablaa csaeaand oa taa baaia of 

analytical  foraalaa.     At taa aaaa tlaa,   taa oorractloa tablaa of 

Professor V.l. llakäotskl aoro added. 

Ia Cbaptar IX,   Tabular Bathos* for tba  solution of  Interior 

Ballistics rrobloee," tbo  fundnaaatala for taa compilation of tablaa 

wr* re-vrittea,  aad aaterial vaa added on tba aav tablaa GAU 1943. 

Tbo idea of  tba netnod of  ralatlva variablen and a redeced 

aaabar of paraeatara,   evolved during racaat  yaara by Profeeaor 

B.B.  Okoaev,  Profaaaor B.P.  Orosdov,  Lecturer M.S.  Oorobhov and 

L.I.  Svlrldev,   la latrodacod in tba coarss for tba  flrat  tiao. 

tba theory of aleilarlty  la no arranged  tbnt  ita principlaa 

follow Inherently froa foraw lau uaad aa a baala for tha compilation 

of ballistic tablaa. 

Cbaatar X,   "Ballistic Beelga of Vaapoao," ia coapletaly re- 

vrittea,  affaring aav net bode for eolvlog tbia problaa.     It  ieeludss 

tba theoretical aabataatiatloa aad aaa criteria minting to tactical 

and tacbslcsl reauirunouta.     Tbo    "directional diagraa," eeeeclally 

developed By taa aatbor,  paralta a coasldarabla radactioa of  tbo 

aaabar off variaate ia calcalatloaa.     Ia tbio coaaactloa,  na 

evaleatioa sf gaa Ufa by tba aotbod of Profnaoor T.I.   •lakbotxkl  la 

latrodacod. 

r-Ti-TMt-s» vil 



Tho third tloa. »latioa of latorlar saUlatlaa ftroal« 

1* Caaplax Caaaa," firoa aalatiaaa af iatariar ballistics problaaa 

for car tola apacial e •f graat iataraat ia practical 

War laataaca,  Chapter XI  lacladaa: 

applleati« 

laatiaa prajactilaa; «hick 1)    Tba aalatloa af    arablaaa far 

ara aaalytlcal aad apply taa 0*0 IMS tabla. 

3)    Tfca tolatloa af problaaa for sarta*», «ltb oaaaidaratioa af 

lb« partial aacapa of gaaaa through taa claaraaca,- aad vita rafaraaca 

to a data Had asaapla of calcalatioa. 

3)    Tha aolatlpa of  latarlor ballistlca problaaa ralatiag  to 

progravaiva accalaratlaa,   traatad by »rofaaoar G.Y. Oppohor. 

Th#» 12th aad laat chaptar clariflaa pacallarltlaa of balltatlc 

vaapoaa havlag a coalcal aora,  aad offara ldaaa aa tba doalga of 

thoao  typaa. 

Ia tbla »ay,   tba eoaraa covara tba groatar part of tba basic 

probl»«a of aodara iatarlor aalliatica. 

Tba aajor portloa of tba atady «aa vrlttaa ay Profaaaor 1.1. 

•arabrlakov,  Doctor of Tacbaical    Sclaacaa,  Active Saaber of tba 

Acadoay of Artillery ftcieacea,  Pajor-Geearal of ArtHilary tagteeeriag 

tervlcee.    Aboat als pages of priat «ara vrlttaa by Profaaaor 

0.*.  Oppokov, Doctor of Tacbaical Sclaacaa,  Major-Gaeeral of 

Artlllary iaglaeeriag service*. 

Tba aatbora espreee deep gratitade to tba corps of loctarara of 

tba Deperteeat for crltlciaa ia revieeiag tba aaaaal, aad ts 

Profaaaor O.A.  veateel for a revive of taa ataip aad far a sarias of 

valuable coaaoata. 

Tba aatbora also exprese gratitade to tba Jualor aelaatlfic 

y-TA-73J7-BJt vlii 



collator*tor ».I. Llsorsl», vao M4* » uriN of fcaaic calealatlai 

•M »r»rt«M ••»•»Us; aatf to tk» »41 tor,  OilOMl-Itflmr S.V. 

•alroaotit,   for fela (root »orrioo» la tho »roparatioa of too 

aaaaal  for »rlatla«. 

H.  aoroBralkov 
0. Oppoaov 
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m outer urn run or ivmiot MIXIOTICS 

Artillery - the Mia etrikiag fir« pntr of the soviet Army. 

Thr basic •lulot of irtllUrjr 1B caaiat «wliti of etrikiag 

target*» »lth »rejectilee fir«« fro« eeapees »It» oao or aaetber 

laltial  velocity.    Thee« targete are oftoa located at a great 

tfiatance evay oa the groead, or at a givoa pel at la space  (flrlag 

at aortal  targete).     la additioa,   it  la required at tiaoa that tha 

project 11* atrlka tho target at a givoa aagla of lapact or vith 

a  glvea velocity  (I.e.,   la  tha peaetratloa of araor). 

Tho projectile  la traaaaltted to the  target by firlag free 

•  »eapoa.     Accurate  fire appear» to be the baalc eleaoat of 

artillery effectlveaeea. 

The discharge  lapert» aotloa to  tho pistol ballet,  aa veil 

aa to the heavy projectile of battleahlp gaaa or to the araor 

pi»relag abell of aa aatl-taak gaa. 

•alliatlca,  oao of tho prlacipal epeclallaed,   techaical 

hraachea of artillery ecf.eeces,   la coeceraed elth tho atedy of 

the laes goverelag the projectile'a aotloa    la the bore of  the 

«eapoa mad la the air. 

Too prlacipal period« «ay be diatiagBiabed la the aotloa of 

a projectile. 

1)    «Otloa eitbia the bore of the «eapoa darlag the discharge, 

»boa  tho projectile aovee at a coastantly lacreasiag velocity aa 

a reealt of the presaare of poeder gases,  aad leaves the bore of 

tho eeapoa vith a givoa,  ao-called aassle velocity v_. 
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t)    aotioa or flight is the air of a project11« discharged 

free) a veapea vita a Bessie (easleaa)  velocity,  aad «edergelag the 

effects of gravity aad of air reslstasce «»til  the aw»at af 

lapect vita the targat. 

la coaaectioa »it»  those tvo periods of aotioa,   ballistics 

an divided lato tvo baalc saetioaa;   iatarlor ballletlcs,   aad 

•xtarlor aalliatica.    Thle la doae oa the baele of tha cbaracterietlce 

of taa pheaoeeaa aad proceaaee atudied. 

Iatarlor balllatlca »ra • atady of  taa  flight of a projectile 

froa tha aoawat of  lta departure  fro»  tha bora,   or froa taa aad 

of tha  period of »ftar-affact,   *haa it baa  lta hlgbeet velocity, 

to  tha  aoaeat of   iapact with  tha  targat.     By deteralalag  taa 

prlaclple of air raaiataaca  to tha aotioa of  tha projactlla, 

exterior balllatlca pamit dataraiaatioa of  tha aagla  to tha 

borlaoa,  aad velocity,   with ahlch a projactlla of a glvaa callbar, 

valgbt »ad fora aboeld ba fired la order for it to atrika a targat 

at a gives dietaace,  af   % glvaa aagla of   fall and alth a glvaa 

voloclty,  or  to    paaa  tk/'  •;» a glvaa poiat of apaca  ffiriag at 

••rial  targata). 

Iatarlor balllatlca »ra a study of pbaaoaaaa aad procassas 

taklsg placa darlag tba dlacharga,  aad,     particularly,   tba aotioa 

of tba projactlla la tba bora,   tba charactaristlca of its 

•ccalaratioa,  »ad tha prlaclple* of tba povder gasea' praaaere 

frvvtfc (sea fIgs. 1 a»d 2).    The di»charge  itsaif repreeeats a 

process of tba vary rapid coaversioa of  tba ialtial chaolcal 

eaargy of tha posder lato tuereal,   aad tbea lato a klaatic aaargy 

of aotioa of the projactlla - charge - barrel  - gu» carriage systea. 
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The coaeeyer of ea*r*y, iapartlef. aetlea te the projectile aad 

to the eat ire artillery lyatM, 1« tee peeder aad the gas*» foraed 

•erlag lta coabeatloe. 

The dlacbarfe procoaa Uata headredtha er thoeaaadthe of a 

aecoed. The aaaiaaa preaaure reacbee M00 ataoophoroe aad aoro. 

Tbo teaperatvre of the poeder gaaea at ta* eaeeat of their 

formetloa dariag ta* poeder coabeatioa reacaea aearly 3000°; 

«hila at tbotr eeargeace froo ta« aoro it is aroead 3OOO0. 

Peeerthelaee, tho procoaa of dlacharge la aaifora, coatrollable 

aad atabla froo oao diecharge to aeotber. 

Tb* priaeipal aad very valuable cbaractarlatlc of aodera 

aeokleaa colloid poeder«, that they oara TmgmlmTly  la parallel 

liyera at a cooperatively ioe epeed, coaatltwtoa tbo baala for 

thia uniformity aad etabillty of tb« diecharge procoaa.  Dalag 

thla characteristic, iatorior balliatiea toachoa bow to sake 

ratioaal uao of tho powder energy at tho tlao of diecharge.  It 

factlltataa coatrol of tho dlacbarge phoaoaoaoa 1.*., of regelating 

tho lnflui of gaare lato a bor« durlag poodor coabeatioa, la 

ralatloa to charge coeditloaa, la a aaaaor «hieb «Hl prodaco tho 

raejuired pattera of proaaura developaeat aad tho deeired aasslo 

vnlocity of tho projectile. 

Tha «iecharge phoaoaoaoa cloarly «beee tho latordopoadoaco eeti 

tho aloaoata aad factor«.  Por laataace, tho aatloa ef tho projectile 

dnpeada oa tha pressure of poador gaeea, «alia ta* preeoare itaalf 

depeeda oa tha coabaatloa of tha pavdar (accelerated «ith aa lacr«aa« 

of preaaure) aa «all aa oa th« lacreaee of apaco babied tha pro- 

jactlle, tb« latter factor dapeadlag «a tee velocity of tho projectile. 

An » reault of experiaental and theoretical iaveetigatioae of the 

ualforalty of discharge, interior balliatiea permita th« eolation of tee 
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folio«!*« fuaaaaoatal practical  eroalaaa. 

Fig.   1  - Gaa Praaaar« aa4 Projectlla Talocltj 
Carvaa aa a Paactioa of Tloa 

1)     parlod of after-affact 

Fig. « - Oaa Praaoara a ad Projectile «alocltjr Carvaa aa 
a Paactloa of Shall'a Trajectory 

TOo  flrat  fuaaaawatal  proalaa of  latarlor balllatica  la  to 

datarata* a »athod of aoaaurla« tha  poadar  K»s«a praaaura aad tha 
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project11* velocity la a glvea •••pea,  far glvea charge coadltloaa aad 

la particular to determine the maximum preeeure p* aad the aaaala 

velocity VQ of  ttia project 11*. 

The aecoed  fundamental  problem of  latarlor aal Hat lea  la the 

problem of taa ballistic deaiga of vaapaaa.     Taia problac coaalata 

of a dateralaatloa of   tha deaiga  factoro of  taa barrel  of a gun 

•ad of  tha loadlag coadltloaa  (weight of charge,   volume  »ad  fora 

of  powder) which will (lea a projectile of a glvea caliber aad 

weight  «1th a given  auazle velocity,   at a certala maximum gaa 

pressure. 

The   first  problea   la   Incorporated  la  thie sort  geaeral   task, 

ss  the   flaal  atep. 

la addition   to   these   fundamental   problems,   interior  ballistics 

serve     t > solve s  considerable  auaber of  related  probleas of aa 

experimental  sad  theoretical  nature,   which permit more  accurate 

dofialtloa of our concept of  the dlacharge phenoaeaoa. 

The acope of   latarlor ballistics covers  tha  laveatlgatloa aad 

analysis of coadltioaa  aad  factora coatrolliag  the characteristics 

of gaa preeeure sad projectile velocity variatloaa la the  bore, 

the determlaatioa of  geaeral   rules coatrolliag  tha dlacharge    phe- 

nomenon aad processes    occurrlsg  la  thla pheaoaoaos,   the   tree toeat 

of matmo ma  far eelvlag theoretical aad aapariaaatal problaaa 

ariaisg  la the  laveatlgatloa proceaa,   tha  treatmest of apeclal 

eeulpeeat  far iaveatlgatlag pheaoaaaa ooaarriag durlag a dlacharge 

amd  ine  methods öf utilising Such eaaiaaarat;   aad the expioratioa 

of waya  leaslag to the further develoaaeat of latarlor balliatlca. 

With reapact  to  lta acope,  latarlor balliatlca offera aa 
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unusually vide «MI variable field,  la the process of lsveetlgatiag 

it« numerous isterdepssdsst processes asd pbeeoeoaa, oat «1X1 have 

to deal vita a largo number of parameters, variable values asd 

characteristic* of veapoas, project11« aad charge. 

Therefore, la a deterslaatioa of relations betoees various 

values characterlala« a discharge, aa voll aa la solvlsg problems 

of Interior ballistics, it is necessary to approach the pheaoaoaea 

isitlally through its basic characteristics, to simplify it ssd 

give a schesatlc aolutioa for aoos sot suite precise aaacaptloss; 

thes to proceed to a clarlficstlos of the effects of secondary 

factora; and having found these, to isclude thes isto the 

• leatsatarjr schematic functloaa, thu„ expanding the lsttsr and maxlag 

tbea sore complex.  Of course, this type of complex arrsagsmest 

of the various processes, eben expressed mathematically, results 

at times ia suite complex functions representing relations betvees 

the basic valves. 

The follovlag basic processes are dlstlsguisbsbls la the 

discharge pheaomemos: 

1) The process of pooder combustion asd the productlos 

of high-temporatsre gases, strosgly compressed sad coatalalag a 

large reserve of esergy.  The rate of povder com busties, or the 

rate of Its exploolve cosversios, depends basically os the 

pressure asd temperatare of the gases, sad oa the temps ratsre 

ssd characteristics of the povder. 

if    The process of the conversion of the thermal earrgy, 

costaiaed ia ths bested aad atroagly cospressed gsses, lato Elastic 

energy of motlos of the projectile - charge - barrel system. 
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3)    Tit« proceaaea of projectile aotioa,   barrel recoil,  «Ml 

aotlon of  gaaea of   the chare«,   oil oeercoaleg a suaber of differeet 

reslataacea. 

AU   theee procaaaaa aro  iatarrelated,   take place eiaeltaaeoualy 

«ad oiert coapleaeatary offact«. 

For tba  purpose of  atudyiag  tbe  first series of  procaaaaa,   It  la 

seceasary  to ba   faalliar vita  tbe prlaclplaa of phyelca,  phyelcal 

cheaietry,   therao-chealatry aad tba  theory of exploalve eubataacea, 

bacauaa  ponder  la a  propulsive exploalve aubataaca.     General  physical 

prlaclplaa   for  gaaea are  alao applicable   to powder gaaea,   while  the 

rules of  cheaical   kinetic« apply   to  the  coabustlon of  powder. 

For tbe purpoae of  Investigation  and calculation of  the energy 

conversion  process on   the  baala of   theraodynaalcs,   a  balance of 

«Darn  *» »  dlachart:*   Is compiled,   eith a calculatioa of beat 

accumulation and of   lta expenditure  for  the perforaaace of  various 

exteraal   fuactloaa aad  tba heatlag up of  tbe gmm bora wall.     la 

thla coaaectioa,   tbe  flrat  principle of  theraodyaaalca la utilised. 

Prlaclplaa of  theoretical  aad applied aechaalca sad of  gaa 

dyaaalca are applicable,   and are  utilised  for aa  iaveatigatloa of 

the projectile,   gaa and barrel  aotioa,   aad  for  the calculatioa of 

realataace  forcea. 

All   tbaae proceeaea ara expressed by definite aatbeaatlcal 

fwactiono aad foramina,   ehlcb strait  laterrelatlag  the eleaeate of 

tba elacharge end conditions of cbargiag,  aad vbicb yield eoletlone 

te a vnoie eeriea of probleaa arlelaf la aa aaalyala of  tba pbeaoeasa 

of a discharge. 
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It  1« cloar fro« th* above stateaeats  that  Interior belllatlca 

utlllMi th« following branches of scleac*  la th* a*)ldlag of lta 

fundaawatala:   physic*,   physical  chealstry,   theory of explosives, 

tharaodyaaalca,   theoretic*1  and applied aachaalca,  aad aatboaatlca. 

•ecauee the discharge of weapoaa  la th* object of  lta 

Investigation,   Interior ballistic* shows thalr * peel Used technical 

art Hier« character,   in conform*ace to thalr taefca,  oa tho baa la of 

a coaplax application of all  thoae  general   technical  braacbea of 

science. 

An artillery  ballistic  speclallst  should datoct coadltloaa which 

peralt  the swat advantageous exploitation of  the* weapoS aad  lta 

charge,   and   the beat   possible perfection of discharge coatrol.     Mo 

can exert   Influence on  the   type,   voluse  and  fora of   the  powder,   the 

design and weicht  of   the  projectile,   the design of   the weapon aad 

the  relation  between chasber  voluae  and  bore.     Coablelag all   these 

factora,   he  ahould attempt   to aodlfy the  results of   the dlschar go 

process to conform  to prsctlcal   requirements. 

•BBAIDOVII or irntiio« BALLISTICS IPTO BBABCSIS 

Interior ballistics  investigates  th» seat cooplox artillery 

phenomena,   th* discharge,   and  teachea  how  to coatrol   It.     That  la, 

ho*  to calculate the design of   the  bore,  aad to regelate  th* afflux 

of  gases,   la a coabsatlon of powder,   in a a*riser laawrlag th* 

attainment of a  given  Initial  velocity of  th« project11* at a glvoa 

value of aaxlaua gaa pressure. 

Th* eiperlaeatal   laveatlgatloa of  th* pheaoaeaa of a dlachargo 

•ad  the coabwatloa of powder conoldara the aieultaaooaa offocta of 
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the followiag factors,  distiagelaalag the pbttoMii of discharge 

froa  the COMOB physlco-eboaleal  proceeoes: 

1)     Righer vale* of prMwrt  (20O0-3OOO «to.  asd aero). 

a)   Rich temperature «f powoor gases (saot*-3aoa°c>. 

3) Short duratios of   the pheaoaeaoa  (0.001-0.0*0 aoc). 

4) Coabuetloa of too powder la a varylag space,  vita  the 

per foraaace of various  tjrpoo of   fuactlone by  too gases. 

Powder plays a decisive part  la  the pboaoaoaa of discharge. 

Therefore special  consideration abould  b«   glvea  to  tha  iaveatlgatlon 

of   the  principle of  gas   forastloa   la a  coabustion of  povder   la   the 

bor«  at   the   tine of  dischsrge. 

The   principles of  gas   formation are   first   studied uader  simpler 

condition*,   in  an  invariable  apace,   by  igniting charge» of  powder 

in  special,   so-called aaaoaotrlc  boaba.     The   latter peralt  bringing 

the  pressure  up  to 3000 ata.   aad sore.     Tbe   iacroaso of pressure   la 

this  type of  bosb during  tbe  igaltloa of  a  gives charge of powder 

la   registered  by seaas of special  devices. 

Because  the  voluae of a assoaetric boab,   la vbicb  tbe combustion 

of  powder occurs,   resales cose test aad  the gases do sot perfora say 

work,   It   la easier to lavestigate  tbe prlaciples of gas formatloe. 

Kaowlag the  prlaclplea of powder gas forestlos  In a coastsat apace, 

it  la poealble  to calculate  tbe cbaagss for a variable apses where 

gases propelling the projectile perfora work ssd cool off. 

In connection with   this method of  lavestigatloa,   latorior 

ballistics is usually divided  lato two basic  breaches:  pyrodysaalca 

and  pyroatatlcs. 
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•yroetatlce  iaveatlgatea prlaclplaa of powder cosbuetloa,  gas 

foraatloa aad preaeure development  la aiaplar caeee,   la a coaataat 

apace,   as  for instance vlth aa iaaovable projactlla  (atatlca).     laviag 

•*tt«ra)laod those  rule«,   •• utilise thaa to coatrol  tb« procoaa of 

poeder coabuetioa during a diacharge  fro« a weapoa. 

•yrodyaaaic«,   using pyrostatlc  data oa  tba prlaclplaa of (aa 

formation,   Iaveatlgatea  th#  pbaaooenon of 41 «chart* 1» *U  Its 

complexity,   «here a conversion of «aergy occara together vita tba 

coabuatlo« of  th«  po«d«r and th*   ln.eptioa of  tu« aotloa of   tba 

project 11«   (dynaalca).     At   tb«  aa««   time,   tb« gas«s perform a 

•«riea  of  aechanlcal   function«  and cool off. 

G«a  dynaalca   Investigate«  phenomena  coaa«ct«d «1th  th« aotloa 

and  ««cap« of (IMI,   such a«  th« «scap« of  gases  fro«  th«  bora 

during   th«  period of  aft«r-«ff«cta,   th«lr ««cap«   through opaalags 

In muzzle   brakva,   through   th«  clearance  la mortars,   through  aoaxlaa 

of  reactlv«  projectile«,   etc, 

Th«  theoretical  assumption« of pyrostatlc« aad pyrodyaaalce 

are   baaed oa  aad verified by «xperlaeata conducted  la apeclal 

laboratorlee,  aa «ell  a« on  firing raagea,   bjr  firing cosveatioaal 

or specially adapted eeapona. 

•alliatic «aulpmeat   for  the   Investigation of  phenomena occurrlag 

la a discharge la very extensive and varied.     Ita design,   prlaclplaa 

of faactioaiag and method« of utlliaatioa are coataiaed la a epeclal 

coarae,   eatitled "experimental Bailistlea." 

TH lafKMtTARC« OF  IimtlOt MLLItTIC»  I« THK 
DftsIGM Or ABTILUOtr 

The  theoretical aad «xperlmeatal   Investigation of   the  phe 
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of  4ischare» facilitate* the aolutioo of probles* of the balllatlc 

deaig* of ««apoas.     Is a ballistic design,   tao dealga factors of 

tho  bor«,   th*  »eight  of   tao charg«  and «aaatlty of  povder aro 

determined  for a give« callbor aad «eight of  tho projectile and 

for  lta nuasl«  velocity,     •ubeequantly,   tho principles of gas 

preseur*   variatloa  laslde of   the  bor«  aad  tho prlacipl« of  projectile 

acceleration la lta aotloa along  th« bor« art calculated,     la 

addition,   calculations trt sad« oa  tb«  gas pressure varlatloa* and 

velocity of  projectile daring   the  period of   th« aft«r-«ffacts of 

£«•«» on   th«  project 11* aad  th« gun carriage. 

The"result« of   tb«  calculations  «re   r«pr«s«at«d  la  th«   for« 

of  curves  p, JL  aad  v, JL   b«lng  a   function of   th«   trajectory,   the 

curves   f>  ,   t   and t,   t  as v«ll  aa  *,   t   («her«  •  Is   th«  recoil   speed) 

an  s   function of  tla«   (figs.   1   and 2). 

Thee* data,   obtained by a   solution of   Interior  ballistics probleaa 

for  a  selected varlaat of   th«  ballistic  dealga of  tbo ««apoa,   are 

•leaentary,   and haalc   for th« subsequent calculatloae of   tb«  barrel, 

carriage,   projectile,   charge,   fur«  and  shell  caa«. 

On  the  basis of   thca« data,   obtained  In  a  solution of   Interior 

ballistics problens,   th« awn designer calculates  th« barrel   (tblckaeaa 

of «all,   «eight of  berr«l,   deelgn of   breech  block assesbly,   location 

of center of  gravity),     be calculates  th«   fore,   depth aad eldth of 

laads aad grooves is the bore,   aad  treat« the deslga of  the coeator- 

recoll   facilities,  as «ell aa  th« gun «oust  la general.     Th« 

annualtIon designer calculates  tb« body of   tho projectile aad  lta 

drive collar  for straagtb,   calculates  th« charge of «sploslv«  substance, 
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tbe «to« 11 caee aad tu« prlaer cap;  be 4HlgM tbe fsae aocbaalea 

•»4 ties faxee.    Tbe  technologist at a powder factory calculates 

aad deaigaa preaeiag- diee aad deteraleee tba technological process 

of  powder preparation oa  tba baa la of a give» fom aad grata slsa 

of powder. 

la tbla Banner,   a aarlaa of braacbaa of artillery oclaacaa 

ara uaed  for the deelga and building of  sew aaapoaa aad aaasaltioa 

for  thwa.     The»« science» ara  latarior aad exterior ballletIce, 

etreagth of  weapon»,   tb»  theory of gw» souata,   tba  theory of  faaa 

and  projectile  dealzn,   the   technology of  powder aad explosive 

aubstaac**,   »ad »etal   working.     la  tbla conoectlo»,   latarior 

balllattca provide  tb» principal and fuadaaantal  laforaatioa. 

The  design of  a  rather coaplax aggregate,   auch aa  tba aodera 

artillery weapon  with   1ta attached  fire control  devices,   aad of 

lta aaawnltlon,   la a product of  the  reaalta of prolonged calcalatioaa 

Bach of   tb» coeponent  parta of   that  aggregate reaulrea "for its 

manufacture a coaplax  and prolonged  technological  process. 

TBS HI STOBT OP TO MTaXOPaBirr Of  IhTSSIOB BALLISTICS 

Tba hlatory of  tbe developaent of  latarior balllattca la iaseparably 

connected with  the general developawat of artillery. 

Tbe origin of   flrearas aad tbe history of tbe developsoat of 

artillery up to  ledO la preaeated  la  tbe eelI  kaova article of 

Bagola eatltled "Artillery" £~\J.    Without refer«ace  to tba earlier 

stagea of  tbla developsoat aad tba coavereloa fros a boa« lassetry 

to tbe  factory setboda of weapons aad aasmaitloa prodoctios,  so 

«seta an extract  froa that article oa tbe developsoat of ballistics 
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as a science: 

The «Ml of tk«  17th aad the Wfluiif of  the ISth ceateriea 

comprised the period »hen artillery was flaallr lacorporated  lato 

the military orgaalsatloaa of a majority of couatrlee,   the 

• llatlaattoa of  It« medieval guild character,  aad tta recogaitloa 

a« a apaclal military breach,   promoted It« adaptation to normal 

and  rapid develommeat.     Thla raaultad la aa alaoot laotaataaooaa 

and  quit« appreciable progress.     The diversity aad irregularity 

of callbere aad typea became apparent,   aloag »lth  the unreliability 

of all  «slating eaplrlcal   mlea and  the coaplete  lack of precisely 

determined prlaclplea.      It  became   lmpoaalble  to endure  tbeae 

condition» aajr  longer.     Therefore   large-acale  teate mere conducted 

everywhere,   In order  to clarify   the  problems of  caliber,   the 

relation of CAliber  to charge.   ne «ell  aa of  the  length  nnd »eight 

of   the   pin,   the dlatrlbutlon of metal   la  the gun,   the  rang» of  fire, 

the  effecta of recoil on  the gun carriage,   etc. 

The  result  of   this »aa a algalfleant  alapllflcatloa of callbara, 

better  dlatrlbutlon of metal   la the  gun,   nad a  very coaalderable 

reduction  of  the charge,   vhlch  then amouated  to  from oae-thlrd to 

one-half of  the  «eight of   the  projectile." 

la tueala.   Pater  I exhibited a great deal    of  latereat  la the 

developmeat of artillery.     Be  personally »rot»  the  "Oulde   to  the 

Utilization of Artillery.'*    Our log  the relga of «eter  I,   the teaelaa 

artillery  became oao of the best  la Europe. 
i 

The progreos of artillery science,   mainly la the field of 

lnveatlgatloa of projectile  flight and air realataace  (Galileo, 
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Saraeellll,   iHltr aad et Mr«),   raa parallel to the orgaalsatloaal 

aad  tactical  taproeoae at» of artillery. 

la his classical study eatitled "lydrodysaalca," Deals1 

gereoullll gave the basic knowledge aeoet gasee,   introduced  to 

•cloaca the coaceptloe of aa expaaaloa of gasee is coaooosjoaca 

of  their buoyancy,  aad shoved ho« oa taa beats of taia aapaaaloa 

to calculate  tbs aotien of a projsctll«  la the bora of gaa. 

Tbs  fasous eatheaatlciaa tular,  aeaher of  tba tuaolaa acadeay 

of  Sclancss,   gave coaelderable attention la hla atadlaa to tbs 

tavsstlgatlon of  processes ocoarrlng la   tbo  bora of a eeapaa.     goaovor, 

«a a result of  the  lack of eeaaa for experimental  lnveatigntlon 

st   that  time,   his studies eere  Halted  to  the setting up of 

probleas. 

Is  the  nlddle of   the  lith  century,   aoblas subaltted  tbo  flrat 

laatrusjsnt   for determinations of  projectile  velocity.     Called the 

"ballistic pendulua," It «as uaed up to  the  lSdO'e.     la ftoblae' 

study,   entitled "Pee Principles of Artillery Scleece" aad vrlttea 

la  174a,   ballistics eere  first divided  lato exterior aad leterlor 

ballistics.     Is this consoctlos,   the scope of  Interior balllatlca 

eaa defined aa  folio««:   "knowing tbs  length asd caliber of  the gua, 

the velgbt of  the cannon ball,   the ponder charge aad the elastic 

force at   the  first noseat of  lgoltloa,   to deteralae  the velocity 

elth «hlch the projectile «111 depart  fro« the gua." 

The  tecbalcal reorgaalsatlos of the artillery proceeded parallel 

to the theoretical aad experimental  1avastigatloaa.    This eekraced 

the reduction of  the auaber of calibers,   lsproveseat la cbarglag 

aad sechasises,   aad incraaalng coabat «ualltlea. 
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Tbo period 1740-17*0 litMHN • great etep la the derelopaeat 

of  tba Baeelaa artillery.     At  that tla*,   a euaber of a«* artillery 

typee  ("welcorae") war« latroducod uader the leaderahlp of Co«at 

P.I.  Sbuvalov.     Aleo,   the  loading of tee gune waa Modified by the 

latroductioa of powder bage for tao cbargee;  aad BOW orgaalsatioa 

of  tao artillary rat effected.     Sbuvalov'a "ualcorna" exhibited 

aaportor coabat propertlee aot oaly aitrlag the Seven Taar War 

(1794-17*3,   «baa tba Buaaiaa araloa occupied Berlin),   but aleo durlag 

tbo Bone la ad war of  1812,   particularly  la battla of be rod 1 BO.     Tboao 

artillary typaa  laatod for nearly oao huedred year«,   up to  tha 

Introduction of  rifled guaa.     Tba  baalc pereoaalltloa active   la  tbo 

reorgaulaatloa of artillery is otber couatrlea  (Friedrich  II of 

Pruaala,   Grlbeval   in  Prance)   to all   inteata  followed  in Bbuvalov'e 

footatapa. 

Puadaaeatal   theoretical aad experlaeatal  balllatic   lnveatlgatioaa, 

which produced proper aoauaptloaa about the pheaoaeaoa of diacbargo 

aad  lta eaiforaity,   were coaducted beginning with the aecoad half 

of   the  19th ceatery,   on the baaie of  tbo general  developawat of 

techaicology aad a aoriea of related braachea of acieace. 

Tba flrat  theory of powder coebuetioa,   publlahed abroad la 

1*S7,  waa writtea by  the Buaaiaa cheatat Shipbov aad  the Ceraaa 

cheaiet Buaaea.     la  1M0,  Captaia A. P.   Oorlov wrote aa article oa 

tbo aotloa of  the projectile la tbo bore of a rifled gun.     Aa 

abstract of tbia article waa coataiaod la the reporto of  the Paria 

Acadoay of fcieace»  in  1Ü2.     la leee,   Coloaei I. P.   redorov deteraiaed 

the effect of powder coabuatlon coadltioaa oa the coopoeition of tbo 
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product*,  by flrisg a pistol aad a fewr-powad CSBOM 

atudlea laid the fouadetloa for to» dsvelopasat of 

hypotheeee oo tho coabustlee of powder ia a discharge, aad ooro 

used la much lator stadias a? asaorosa researchers. 

•lfnlflcaat progress of asparlaoatal belllettce,  expressed 

la the appearaace of too baalc laatraaosts which aro still widely 

meed la our tlass  (tho chronograph of La soulaager for soasurosoats 

of project 11« velocity aad Babel's crusher gags for soasaroaoats 

of powder gas pressure),  occurred Is tho IMO'a. 

The crusher gage,  which permits estlsatlag gas pressure oa 

tb«  basis of  the coapreseloa of a copper coluaa,  laid the foaadatloa 

for  the development of a apeclal breach of •xperlsestsl hallletlea, 

"aaaoaetry," and proaoted the production of aaaooatric boohs.     The 

latter   facilitates  Investigations of  tb« prlaclples of powder 

coabustloa at high preaaurea. 

Proa 1*63 to 1*75,  nobel aad Abel ceaddcted eaperlaeata oa  ibe 

ignition of blach powder la a aasometrlc bosh.     They deteralaed  the 

ejuantltatlve aad seal1 tatlve coopooltloa of coobustloa products, 

their thermal capacity,   the aaouata of ealaalble boat,   coabustloa 

temperature,   and also the depeadeaco of  the 80x1080 pressure oa 

the  power of   tho poeder aad ualformlty of charglag. 

These lsvestlgatloas wore based oa atadles of the propertlea 

aad characterlatlca of powder coobustloa producta la a dlacharge, 

•ado earlier by afelpfcov,  toneem sad Pedorov. 

Durlag the secosd half of tho ltth ceatury,  tho geseral 

principles of a haowledge of heat aad of the telaetlc theory of 
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I, as »oil as tba faadaaaatals of choaistry aad otter braacbos 

•f sciosso, da valoped parallel to the above iaveatlgatioaa. Tbey 

sorai t ted ebtsiaiag • aeieatiflc theoretical basis for tbs process 

of poedor coobeottoa, asd for tba ceavereloa of the eaergy of 

seoddr gsoos iato tho blast lc eaergy of tba projectile aad of 

tba gaoos. 

Tba differential eauatioa vaa iatrodeced la lao«.    Oa tba basis 

of tba first  la« of  theraodyaaalca,   tbia sssat los served to deteraiae 

tba eealllbrlea of  tha eaergy eaitted «aria« tha coabaatioa of  tba 

povdsr chare* and  tha «sorry «speeded  for tba parforaasca of  aaaaroaa 

fuactioaa  (Basal). 

Tba Preach aciaatiat    Cappo aaad  thla equation  Is  lS7e  for 

oo lot lose of  problaaa occurring  ia artlllary practlca.     Cuppo'a 

forsmlss aara  tha  baalc  fuactloaal  ballistic  foroulss,   la alaost 

all  coaatriaa.     Ia our country  tboy aora raplacad by  tba  foraolaa 

of *.P.  Sriab,   aad  latar by  tba  foraolaa evolved  by Profeeaor g.f. 

Drosdov f*oa lt©3  throws»  1010.   (too datails  fartbar oa). 

A graat coatrlbatloa  to  tho development of  aot oaly  iatarlor 

ballistics,  bot  also of  artlllary  ia geaeral,   aaa aada by  the 

laaoatios of oaobalaaa  posdar:   tha pyroxylla poadar of  fal   (fraach 

aciaatiat,   choalst,   posdar specialist,   ISM),   tba  aitroglyceria 

poadar of Rebel aad Abal  la gaglaad  (lsSS-lMt),   aad  tba pyrocolloid 

poadar of B.I.  goadeleev la tbia coaatry (IStO). 

after iaorevisg tba Msooatrie boob aad sealpplsg it altb 

rogiotratioa of tba praaaur« iacraasa as a fsactloa of tioa,  Tal 

dotaraiaad  tbo diffaraaca  bataaaa tba practically  isstaataaaoaa 
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coabuatloa of black povdar* iM tb« aalfora gradual oaafcaatloa of 

aaokalasa colloidal povdtra.    Thl* aaraltt*d rvgwlatioa of  taa gaa 

aupply by varylag taa dlaanaloaa of povdar elaejaata. 

A aw* type of aovaar vaa prepared aa a raaalt of aaaoroaa 

thaoratlcal aa« laboratory atudlea.     It «aa aaokaWa«,  colloidal 

on a pyroxylin basla,   aad aaa obtalaad by aa athyl alcohol coapoaad 

tr**ta*nt of  pyroxylla exploaive eubataace.     Tal  projected «ad 

prepared a atrip- typ*,  pyroxylla ponder  for i UM gun.     By  firlag, 

he obtalaad  result*  fully verifying calculated data.     Tb* aa« 

powder proved to bo alaoat  thraa tlaaa aa poaarfal aa black powder, 

and produced •  algalfleant   lncraaaa of projactlla velocity,   with 

a   lower preoeure of  powder gaeee  la  tha bora. 

Aalde  froa  th* allaiaatloa of aaoka oa battlaflalda aad a 

coaalderable   lacraaaa of  tha rang* of  fir«,   tb* latroductloa of 

oaokeleaa  powder* alao caused a aodlflcatloa of battle  tactlca. 

In tuaala,   a aeeclaea of  tb* Preach pyroxylla povdar vaa 

obtalaed.     Experiment* toward  lta  productloa bagaa la  la«7 at  tha 

Okhtenak guapowder  factory;  while  firing teata with It **r* 

conducted by  tb* roaoarch coaaltte* of   the aaa*  factory. 

The  faaoaa taaalaa chaalat D.I.   aendeleev la tb*  levO'e 

developed a npeclal  pyroxylla powder,   vblch offered aeaoroea 

advantagea  In a  coaparlaoa with »el'e povdar.     Bovever,   tb« 

Artillery Coaaltte*  rejected tb* povdar of D.I.   Bead* lee v for 

araaaent purpoaaa,   wader tb*  laflaaaca of tb* at that  tla* caatoaary 

aeglect of the proalaaat peraoaalltlaa of taaalaa aclaace,  aad tba 

worship of all  that vaa foreign.    Tb* valaa of tbla povdar vaa 
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proparly raeogalaad la tha 9.S.A.  tlm It aaa adaptad far araaaaat 

parpaaaa.    Darta« the parlad at tha firat aarld aar,   1914-1919,  tha 

•aaaiaa aray aatalaad coaaldaraala «aaatitlaa of tha pyrocollaid 

paadar froa taa 0.§>A. 

maragardiac taa fact that taa tachaolagy iM ladaatry af 

Taartat Baaala »»r« at a leaar iaaal  tha a tha foralga ataadarda, 

oar halllatlca aciaatlatlea fraaaaatly aurpaaaad  foralga raaaarcbara 

froa tha  thaoratieal pelat af via«,   aad playad a  laadtag part la 

tha traataaat of aaaareaa proalaa*.     aaay of tbair atadlaa aara 

laaadlataly aaat  «broad aaa atlllaad.     V« ha*a alroady aaatioaad 

tha outataadlac atadlaa of  ghlpkov,   Oorlor  and  Padorov  froa 1*57  to 

IMS. 

Tha   flrat coarae of  tatarlor halllatlca  ia ftuaala aaa arlttaa 

by Coloaal  P.M.   Albitskl  ia  1870,   aad raad at  tha  Artlllary Acadaaj. 

Ia 1879,  Coloaal  Ealakataall,   a papll of  tha Artlllary Acadaay, 

paallabad a atady oa taata coadactad  to datamlaa coaditioaa af  tha 

dwralopaaat of aaooraal praaaaraa la flraara aoraa,   vhlcbloag bafora 

•al,   tonehad oa  tha prohlaa of  tha propagation of uadalatory aaa 

aatloa.     9la atadlaa aara traaafarrad tha folio«lag yoar to Praaca. 

Coloaal  7.A.   Paabbavlcb,  a vary aklllad aad talaatad artlllary 

aaa,  bacaaa auccaaaor to Alhltakil.     Froa IMS to 1891,   ha »rota 

a eoaraa  la  latarlor halllatlca:  Part   1,   thaoratieal;   Part I, 

•xpariaaatal.     Ia 188»,   thaaa hooka aara traaalatad lato lagllah 

ia tha 0.9.A.    Mia laatraetlaaa aa asparlaaatal halllatlca aara 

uaad at tha Artlllary Acadaay,   for aaay yaara aftaraarda. 

Proa aaaag tha aoot dlatlagalabad aclaatlata actlra darla« tha 

aacoad  half of  tha  19th caatury aad at  tha baglaalag of  tha 30th 
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esatsry is tba «nltpMit of tbsoratical asd osparisastal 

tall1stlea is Baasla,   it  is propsr to asstlss tbo foasdsr of 

«arld-aido istorlor salHatlea,  Prafaoosr of tbo srtlllary Acadooy 

• •».  •sssvskii   (tors is 1P33,  activo frsa ltM to IMS,) ass sis 

pupil aad follovsr P.A.   labadobli  (bars is 1PS3,  actlvs freo 1PM 

to  1P17). 

Altbougb tbass tao aclaatists acaalrad tbalr fasa tbroapb 

stadias ia tsa  fiald of «starior sal Hat lea,   tbay hara sada praat 

coatrlbutloaa to tba davslopasst of  latarlor ballistics. 

for axaapla,   prior to tsa daalpa of a PO-possdsr aaooth-bors 

pua,  asd bsfors  tba laraatlpatloaa of Pobal,   PJassvakll aubsittad 

in  ltM as oriplaal satbod of datarslaiap tba povdar pa« praasara 

at  varloua cross aactioaa of tba bora of artlllary aaapoaa. 

Tba gwa calealatad by PJaasvskli «as ballt,   aad,  abaa  taatad, 

shoaad coasidsrably battar rssalts tbaa tba pass eoapstlsg altb it 

sad built  fros tba daaipss of otbar paopla,   iscladiap lap^ab 

seloatlats. 

I a 1M7,   P.P.   Paaavakli orpaaiaad spacial   taata  for the 

sxpsrlMRtal  dataralaatioa of  tba projsctila  traval   la tba bora 

of a  four-pouador pua aa a  fusctlos of  tlas.     Proa this iaforsatloa, 

curaas of  poadar paa praaaura  ia ralatioa to projactila  traval asd 

tlsa aara plottod by saass of calculatloss. 

Tbis atady «as of praat  tapartasea  to tba davalcpasat of 

latarlor ballistics asd tba dsslps of pass. 

1J 
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*.T.   NiMvakil 

la 1S78,   N.T.   aaaarakll  «as alactad corrasposdlag mWr 

of  tha Acadsay of »claacaa,   ("NopU of  tuaalaa Sclaaca," publishad 

by   tha  Acadaay of Sclaaca of  tha  U3SI,   1944,   TO 1MM  11). 

Profaaaor of  tha Art 1liary Acadaay H.A.   Zabwdakli,   a pupil 

and  auccaaaor of B.T.   aasavakll,   m groatly aad auccaaafully 

actlvs   in   tha  thaoratlcal  direction,   aa vail  as  la tha  flald of 

tha  davalcpaaat  of artillary  technology. 

la 1*11.   tha Preach Acadaay of «claacaa alactad «.A.  tabudakll 

to correapoadlag aaabarahlp of  lta dapartasst of aaebaalcs,   la 

recognition of  hla aclaatlftc accospllahaaats la ballistics.     Is 

tha   flald of   latarlor ballistics,   H.A.   Zabudskii  coaplatad is  1904 

a atudy oa  lavaatlgat loss of praaaura  la  tha bora of aavaral  guas, 

sad  gara  nuasraus aapirlcal  foraulaa  for aazxla  reloclty asd 

auilsua prassara. 

Latar,   ia 1*14,   ha publisbad hla aala stady os tha axpariaaatal 

dataralaatloa of preasura aad reloclty curres as a  fasctioa of 

pföjactll« traval  la tha tor« of 300 aa flaid gaa,  applying for 

tha   first   tiaa  to this surpass  tha orlglaal  aataod of progressiv« 

abortaalag of  tha gun barral. 

On tha baala of thas«  lavsstlgatloas,   ha gare aapirlcal  foraulaa 
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for tho dopaadaaca of milf velocity of tho projactlla aad of 

tba aaslava piraaaara of poodor gaooo oa too varlatloa of aaa 

coadltloao of ebarglag (volght of chargo.   volght of project 11«, 

voloaw of cbaabor,  alae of povdar). 

Tola  faadaaaatal atadjr of i.A.  Sabwdakll  had • aajor aaaro 

la tba «volatloa of »roper aaowaptloaa oa tho dopeadeaclea la  tao 

tor« of • vaapoa durlag a dlocbargo,  aad la «oad la part «p to 

tba praaoat tlao. 

la  IMS,   Colo Ml A.F.   Brlak aegaa to  lactar«  la  tao cow re» of 

laterlor aalllatlca at  tao Artillery Acadeey.      la  1901,   ha »rota 

B  coeplete courM of  latarlor aalllatlca.     For  thla purpoao,   be 

uee«  tho  foranlaa of Cappo,   aad ao» ospraaaloaa  for coefflcleate 

•ad expoaeata  for pyroxylin pevdere.     Theee appeared  for  the  flrat 

tlaa  la   literature,     la addltioa,   ho aebaltted hla ova aapirlcal 

foraula  for  the preeeure curtt. 

«.A.  Sabedekli 

At ta« tlaa,   thla coorao vae tho aoot coaplete aaoag all eyetea» 

of iaetrwctioa kaova abroad,  aa tbea aotod by Profaaaor h\F.   Droadov. 
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Tbts coarse »f i «streetloe «•• traaaferred to Osrsaay aad tas 

D.I.a. 

la  1903,  Co lea* 1  II. F.  Drosdov,   lecturer at tas Artillery 

Acadeay,   eebaltted aa article,   contained la the Artillery Jasraal. 

It *•• the  flrat eat beast leal lv preclae eolatloa la world 

literature of a basic prob lea of  lsterlor aalllatlca.     It bad aoa* 

of  the alapllfleet loss seed prior to that  tlao.     la 1»10,   tills 

stady vaa considerably ealarged,  and publleeed la * eeparat* 

•dltloa.     It vaa offeree* by ale aa a dlaeertatioa toward the 

attalnaaat of a decree. 

The tablea coeplled by hla la 1920, oa the baala of hie 

eolutloa, contributed greatly to the alapllflcatloa and apeedlac 

up of ballistic calculation«, and to the eolutloa of a aerlee of 

varied probleaa relating to ths ballistic deelga of (was. Aleo, 

they served aa a prototype for a «bole aerlee of detailed tables 

coaplled later oa. (Science aad hvaearch, Institute of Artillery, 

GAD). 

The  flrat dlaaertatloa atudy on Interior aalllatlca la Suesla 

«aa vrlttea aad defeaded la 1*04 by Captala of the Oaard I.P.  Grave, 

instructor at the Artillery Acadeay.    Thla atudy dealt «1th the 

eiperiaeatal sad theoretical  lavestlgatloa of  the prlaclple of 

Boeder ccabaatloa  rate aad preeaur* developseat  la the coabustloa 

of povder la a coastaat space.     The atudy vaa of considerable 

scientific letereet,  aad vaa traaalated la franco la a eoeevhat 

abbreviated fora. 

la 190s appeared the atudy by Charboaae  (Praace) eatltled 
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"latorlor Ballistic«."    B* propoaod tk« dlvlsloa of Imfrlor 

ballistics late tbo fuadaaostal braacaos:  pjrrostatlcs aad 

pyrodyaaalca.    He doflaod aero prociaoly th* coacoptloas of pressure 

propolsloa,  aad tao caleolatloa of secoadary fuectioae la a 

dlacaarge.    ffhllo crltlcislsg tao geoawtrlcal prleclple of coabaatloa 

•wolwed  by Tel,  bo preaeated bis ova aetbod of deteralalag tbo 

prleclple of powder coabustloa oa  tbo  basla of  tosts  la a aaaoaotrle 

boob.    Tbls prleclple vas also uaed by bio la tbo oolatioa of tao 

basic probloa of pyrodyaaalca. 

Tbo Proacb bolllatlca apoclallat Slugo,   who wrote a CO«TM 

of   Instruction  for  latorlor ballistics  la  1926,   should bo coasted 

aaoag  tbo circla of  follovors of Cbarboaao «bo developed bis 

aolutloa and rendered  it soro procloo. 

Para 11*1  to tbo tboorotlcal school of  thought of Cbarboaao 

and Slugo,   thsre oxlstod la Frasce  as empirical  approach  by Oosso 

aad Lloblll who subalttod solstloss to  tbo probloa of  latorlor 

ballistics oa tbo  basis of etilislsg  tbo  roaulta of a wory  largo 

swaber of discharges  (1B2S). 

Tbo atadloa of tbo Osrasa ballistics spoclallst Kraas caa bo 

asatioaed aaoag tbo experiaoatal actlwitioa of  tbo bogtaslag of 

tho  »Oth coatary.     Bo published a  "Coerae of Ballistics" is tbroo 

woluaes  (exterior,   latorlor asd oxporiaoatal.   1*20 through  IBM). 

Kraas orgaalsod a epoclal ballistic  laboratory at tbo Tocbslcsl 

•llitsry Acadeay ia BarIts,  aad iawoatod a aaabor of aow lsatraaoata 

for tbo iavwstigation of discharge paaasswaa. 

free aaoag Italisa authora,  aoatioa should bo asdo of Biaacl, 
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vbe> gave  tbo eolutioa to a problea of  latorlor balllstlce (ltlT). 

WICH certala mo4kticmxiomm  introduced by Prefeeeor I.».  Orave, 

taia eolutioa vae accepted aad taugst at  tbo acadeap of artillery 

for aaay years afterwards. 

•avlag givea due recognition to tbo etudlee of eeveral  foroiga 

scientists,   It vow14 bo  laproper to pasa up la alloaco tao 

disregard of tao voran of our aatloaal acioatlota bp tao foroiga 

literature oa ballistics.     Por exaaple,  oao of tao rocoat  theoretical 

couraoo of  latorlor balliatlca of  tao  Proacb balliatlca specialist 

Viator  (193*}  discusses vldely and la detnll  tbo Proacb acbool of 

lnwrlor balliatlca aa  fundnawstal  ia character. It dlecoaeea  tbo 

accoapllabaoata of  tbo  Italian acbool  of  latorlor balliatlca aa a 

braacb of  tbo Proacb acbool  of  balliatlca,   aa4 rofora to  tbo aaawa 

of Kagllab,  Oeraen aad Aaorlcaa aclaatlata.     aovever.   It oatlrolp 

falls  to aoatloa represeatatlves of oar aatloaal  Soviet acbool of 

latorlor balliatlca.     Also,   aotblag la aald of tbo atadloo of  tbo 

dlatlagwlabsd scientist,   Profossor P.P.  Drosdov,  vbo bad botoooa 

1903 aad  1910 already given  the  first,   aatboaatlcallp proclao 

oolotlos  Is world  lltoraturo,  of  tbo  fuadaaoatal  probloa of 

latorlor balliatlca.     aeaavhlle,   It la voll baova tbat Profoaaor 

•.P.  Drosdov  Is oao of  tbo  fouadora of  tbo Soviet acbool of 

balliatlca,  valca coatrlbutad quite a  fov valuable aad ploaoor 

atadlea to aaay flelda of latorlor balliatlca.    Tbla dlorogard of 

Soviet scleatlsts uadoubtodly aas a political cbaractor,   ia apito 

of tbo atatoaoata of burgooie aciectlsts aa to tbo sou-political 

nature of science.     Sv#s during tbe pre-revolutioa period,  Bateeiaa 

P-TS-7327-H axalv 



artillery ecleatieta,  uii| developoeet tests sf utiMtl artillery 

•»4 artillery tecbaoloejy,   •• trail as the ideae of leadla« forelea 

artillery ecleatieta,  eacceeefally treated aad ledepeadeatly eolved 

the mala theoretical aad practical problose of artillery acleaca 

la feeeral aad of a« 11letIce la part.     Tea reeearcb of V.T. 

aaaevakil,  H.a.  Sabedekil,   T.I.  Trofiaov,   M.T    Drosdov,   I.a.  Grave 

•ad other« are oetataadla* coatribetloaa to tke acleaca of artillery, 

•ad have  retalaed their value evea to  tke preaeat  tiae.     Tke aajor 

part of  theae laveatigatloaa vere prlated  la the older aad videly 

kso«a"Artillery Joaraal," vklcb appeared for tke firet  tie» la 

laOS.   Artillery aad  iaterlor ballistic* uadcreeat a still  creator 

developoeat  after  tke Great October Pevolutloa. 

A see era  la  the developoeat of artillery aad artillery ecleace 

In  the ae* Soviet  atate be fa a vltk  tbo  victory la October of  1917. 

The  Bolehevik Party aad the Soviet  Goveraaeat  beaded by Leaia aad 

Stalls have eathealaatically ewpported artillery s^ieetlete  froa 

the very beflaalas, of  tbo exleteace of   tke Bed Aray,  aad have 

revleed tkeir taak aad sjoala to  tke preaeat alasloa of aaivereal 

atreasthealaa of tke arsed forcea of  tke Soviet Ualoa for tke 

perpoae of preeervlec it  froa capitallet eaclrcleaeat. 

Is reepoaae  to tke appeal  to  tke Party aad the goversa«at,   to 

aelfleaaly prevoat  tke coaeseet of  the Soviet awpehllc,   patriotic 

artillery  acleatlsts ergeatly uadertoob  the  taak of orsaaixatloa 

aad  laproveaeat of Soviet artillery,  «sia«  tke best  traditloaa of 

Sueslas artillery acleaca for tke perpoae of :'allf Ulla« thla alaaloa. 

There «ere aaay dlfflcaltiea at  the besiaaiag of thla coarae: 
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col Up«« of tbo ecoaoay, a poor ««terial aad tecbaical fooadatloe 

for too dovelopaeat of artlllory «cleaeo aad techaology. Boeovor 

tbeee difficult!«« «or* «uraouated, aad artillery scloaco coatleoed 

to «or* OB the further developawat aad too locrooao of too power of 

too artillery of tho Bad Aroy. 

la tala connectlo«, a algalfleaat part eae played »y too 

activities of tho CoaaUaaloa for Special Artillery Beeearch, 1919 

through 19M, uader the leadoraalp of too faaou« Buaeiaa artillery 

ocleatlat ?.B. Troflaov. 

T.B.  Trofiao« 

V.l.   Troflaov «ii bora la  1994.   Be graduated with  top boaora 

la  1892 from the Acadeay of Artillery aad save 35 yeara of bio 

life to acloBtlflc and practical etody at the Mala Artillery Baago. 

Be wao director of  tala raage  fro« 1910 to 1917,  aad he« doae each 

for the developaeat aad laproveewat of  it« eoalpseat aad orgaalsatioa, 

particularly duriag the tlaw of  the ear fro« 1914 to  1919. 

Dwrlag hla atay at the raage,  f.B.  Trofioov coadected a large 

aaaber of scleatlflc  iaveatlgatloa«.     May of hia atudleo «ere 
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^amasmWRwfc». 

incorporated la flrlag IINIII,  «till« Ma* «ere traaalated i»to ferelga 

language*. 

Per bis study eatltled Tbo Effect« of gbrapael  fro« tbe 900 

a« Oua" (1*03),  V.M.  Trofiaov vas «war«««! tbe asoobaaov and tbe 

groator likballov medale. 

Tim period of particularly Intensive activities of v.«. 

trofiaov 1« connected vita the atadlaa of  tbe Cemmlealoa for 

Speciel Artillery meeearcb  («OOAaTO«),  vhicb «a« formed tbrowgb 

hla Initiative  la 1»1» for tao purpose of «orklac oa probl« 

connected vita firing over very loag dletascee. 

Aftor obtaialag data oa  the    ah« 11 1M of Paria toy tbe Gai 

ovor a distance of about  120 km,   f.g.  Trofiaov undertook to obtaia 

usual   raaalta la Buaala,   aad begun hi« effort«  la  ltl»,   la disregard 

of   tbo difficult materials conditions. 

•o recruited tbo aid of eeversl  young esployeee of  the runge, 

aad coadoctod a  awabor of preliminary investigations  la order  to 

flad vay« of «ttslsiug tbo designated goal. 

Doing rocoat material,   V.M.  Trofiaov «abaittod hi« prlsclple 

of air doaaity  variation vltb altitude.     Because  flrlag over very 

loag ranges  ievolves variations of air deaslty ovor a very vide 

mage,   Trofiaov utilised,   for tbe flrot  tiao la ballistics,   tbo 

setbod of aaooricsl   iategratloa of  tbe differential  aquations of 

exterior ballistic« to calculate tbe trajectory (similarly to tbe 

system of Baler:     breakdown late email portion« aad aolutioa of eacb 

pertloa).    For tbia purpoee,   be uaed tbe «tody of Academlclaa k.M. 

Erylov, eatltled "Oa aa Approximate Pemerlcal flelutloa of Coaooa 

Olfferoatial le,sntloasM  (lfli). 
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After coadectlag • »wUr of  iareetlgatleae.  IM deteralaed 

coadltieae eader which tuts type of tiring is HMlblt,  aad 

eeeaaetrated the feaelelllty of flrtag orer raagee ep to 140 kB. 

Bsteaalve pro1 tateary etadtee had ta he aade la order to 

ebtaia a practical aolatloa to a proalee af thle type.    It aaa 

UMI7 aeceaaary to deteralee tao aoat adraatageeee dee Ige af the 

bor« ead coadltloaa of  loadteg,   to aaka the projectile etreeallaed 

•atf stall« la flight, oetala a faat aad ealforaly aaralag gaa 

powder to laprove  tb« llf« af tao höre,  atc.    The SOgARO* (COamleeloa 

for Special Artillery Seeearch) «aa formed eader tao leaderaalp 

of  V.M.  Troflaov  for  th« purpoaa of deallag with all  thaae probleae. 

The activities of  th« Coaalaoloa  for tpaclal Artillery 

Seeearch  atart«d durlag  th« period of  blockade aad fall  laalatloa 

froa forelga couatrl««.     Pav«rth«l«aa,   th« vork of  thla co—loaloa 

beteeea 1919 aad  193«  (th« year of «oath of •.!.  Troflaov)  progreaaed 

aacceeafelly,  aad played a aajor part  la th« developaeat of gjaeeiaa 

artillery thought.     For a certaia period of  tine,   the Ceealaeioa 

for Special  Artillery Seeearch hocaao  the ceatral  polat of tho 

project. 

The period of activltiea aad atadlea of tht. Coaolaaloa for 

Special Artillery Beeearch,   froa ISIS to ISM,   la a period of 

aalaated aad  lateaalve activity which caaaot  he compared vlth aay 

givea aaalogons period of the yeara preeedlag    the ear af 1S14 to 

191S.     The largo cuaatlty of aclaatlflc raaaarch atadlea ceadacted 

at that tlae,   touchla« oa practically all  laportaat aad ereeeleg 

artillery prohlaaa of a  theoretical character,  «ere of decisive 

leportaace."  (I.P.  Grave,   Save of the Artillery Acadeay,  voleae 
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mi). 
la addltlea to prohleae directly ceaaected witk eeper-leac 

re age  flrlag.   tke Coaeiaaioa for Special artillery Secearck 

•receeeed tae tackalcal aad tactical reeoireveate far aaa artillery 

typea, aa vail aa for aeIf-propelled artillery,  aertare,  prokleao 

of gaa dyaaalce,  ate.    Tkeee actlrltiea provided tae foaadatlea 

for the aederalaatloa of tae artillery of ti? led Amy,  »kick 

vac accoapliaaod eeveral yeara  later. 

•.1. Trefieev recruited aot oaly all leadiag artillery acleatiata 

of   tke Artillery Oaaalttee  (•)   for work vltk  tae Coaaiaeioa,   »at 

alao all  profeaeora  froa  tke Artillery Acadeay  (••)  aad a aeaeer 

of  Uadlag civilian aclaatlata  <•••) active  la fiele» related to 

artillery. 

At  tke aaaw  tlaa,   T.M.  Troflaov «iced tae  freatuaaa «orkera la 

»cloaca,   »ko,   eader tko saldaace of  leadla« acleatiata,   atteaded 

tke tckeol of fcleace at tke Cooaleeioa for Special Artillery 

•aaearch.    Seeeeeeeatly,  aaay of tkea aecaae leadiag apeciallata 

(•)    Brofeeeer O.A. Sabwdekll   (gaa powder);  T.I.   aealtovakil  (pro- 
Joctllea,   foaeo);  i.F.  tOaeaaorg aad A.O.  Bat leal a (teckaology, 
aaaefaotaeo of gaaa); O.F.  Eleeeaekll  (gaapevder);  F.f.  Hakeladxe 
(firlag aad tactlce); F.A.  Paakkevlcn (eallietlce,  aetheaetlce); 
».A. Derllakaev (gaa carriageo) aad othere. 
(••)    Director of tke Acadeay,  Frofoeeor d.O.  Fetroiick  (aeckaalca 
aad exterior ealllatlce);  Profeaeora: ».F.  Droadov  (at?eagtk of 
gaae,  iatorior aalliotlca);  I.F.  Orave (laterlor aal Hat Ice);  F.F. 
decfcalkev (exterior aalliotlca); A.?,  Sapeakalaev (caeaietry,  gaa- 
peedar aad eaploolvea);  I.A.  Krylev (aatallergy>»  lectarera F.F. 
loader (gaa carriageo); 0.0.  FlHippo» (gaapevder,   iatorior 
aalliotlca) aad etkere. 
{*»*}    AcodaaiCiaa A.M.  Erylev  (aatkeaatica,  aecaaaica);  Frofeooor 
•.I. tkeaevafcll  (aecaaaica, aorodyaaaica); S.A. Caaplygla 
Ckydrooacaaaica);  l.H.  gakkgolta aad F.F.  Fetcfciakia (gaa dyaaalce); 
H.F.  Belcaaaev (aoteorology) aad otkera. 
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1» various  field* of artillery activities (».A.   vaattssl,  I.V. 

Okuasv,   f.l«   •lukbotakll,  a.t.   ItrtWUteT). 

la addltloa to the persoaal  recruitleg of  leadlag oclaatlata 

aad epeclaliate.   the Coaalssloa for •postal Artillery    Beeemrcb 

aalatalaed cloaa re latlees atth •  aaabar of aatioaal acloattflc aad 

tachalcal   leatltetloae. 

About  190 aoaographa rolatlag to oelaatiflc aad research 

etudiee coaducted by the persossel of the Coaatlsslos for Special 

Artillery Besearch,   it »oil  aa about SO deelga treataosts,  sere 

publlahed «aria« tha period of  lta activities. 

The atudlee of tbo Coamlaaloa for Spaclal Artillery seeearch 

•ara of great laportaaca for tbo aeeesbllag of a aaabar of oat- 

atandlag reeearch people arooad problaao of artillery material. 

Alter the death of V.l. Troflaov, tha dlractloa of the Coaslaalo» 

«aa traaeferrad to tbo haado of the outataadlag apaclallat la tbo 

field of auper-loag raege flrlag, Professor I.A. Parka lor, ebo baa 

alao obtalaad a  groat deal of esperleece  la tbla  field. 

Owe to the attoatloa glrea by the party,   tbo goversseat,  aad 

particularly by Coaxade Stella to thla probte«,   tbo efforts to 

laprove  tbo artillery of  tbo Bad Army,   aad to acleatlflcally iesare 

It« developsoal,  coatlaaod to espead durlag tbo folloalag period of 

tlee. 

Darlag the years of Stalla's Fire-Tear Pisas, oar coaatry 

created tbo aaterlal aad tachalcal foasdatloa aaceasery to provide 

the armed  forces «itb seders cssbut saterlol asd,  assag those, 

artlllory.    Material coadltless secesaary to a frelttal developaoat 
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of ocleatlflc as« tschslcal srtlllsry thought ssrs create«, ptnlUl 

with the «srslopasat of o«r leOustry as« ecoaoay. 

A asobsr of esslgslag offices were sstabllsbs« awJtr tte «trectioe 

of Bsross of Socialist Labor V.O.  Orsbls,   I.I.   Ivaaov,  F.F.  Fetro* 

ass other «Salgeere,  «kick preface« aaay uasplss of artillery typss. 

Tbsee above« superior coobst as« tsckslcaj. suslltlss «arias; the 

perle« of  the Oroat Bos* las« tar.    All  these sctlvltlsa ooro pereoeally 

supervise« by Courses Stslls,  vbo sxaalss« toat sssclaeae of aov 

artillery  typss as« lease« lastract loss os Iks cosras of their 

further «evslopaeat. 

Coarse« Stalls's aaslaty  la eosasctios with  tb« «svelepaeat of 

sclsstlflc artillery thought  fous« Its sxprsssios Is the estsbllshasat 

of the  Acsosay of Artillery Sclsscss Is  Its«,   for tks purpose of 

procsaala« bsslc sclsstlflc problses cosfrostls« tb« srtlllsry. 

A  ss« fsssratloa of  Soviet srtlllsry aclsstlsts as« ballistics 

specialists grew up surlag tks 30 yssrs of sxistsscs of  tbo Soviet 

govsrsaeet.    Tbo  first  to bs coasts« aaoeg thoao srs:  Acaosalclae A.A. 

Slagoarsvov,   prssldsst of  tbs Acsosay of Art11lory Sclsacee;  H.F. 

Tsalllsv,   asabsr of tbo govsrelsg bo«y of tbs Acsosay of Artillery 

Sclsscss;   I.E.   Ssttho,   A.A.  Tolochbov,.   O.A.   Vssttssl,   S.S. 

Serabrisbov,  T.B.  Slukbotskli,   la.   I.   Shapiro,  active eeebere of 

tbs Acsosay of Artlllsry Sclsscss;  as« Professors S.S. Obsess,  0.*. 

Oopobov.    Tbess srs  follows« by tb« youager geaeratloa of acleace 

»orbers:  M.S.   Gorokbev,   H.A.   Baaoatov as« others. 

It csa be «eflsitsly ststs« that,   la oar Vales,   ws base 

sotaelisbe« a leatflag Soviet aclsatlflc school of artillery «eelgasra 
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as« balllatlc iptelallite,  «bo aro aakla* ta«lr »ay la tb« fl«l« of 

artlllory «el«sea a a« t«ebsology. 

Lib» V.l. Troflasr,   too loa«ls« sclostlsts of our coo«try,  obo 

bocaaw   tbo lutncton as« ooocatoro of a—raaa foaoratlone «f sssslss 

ballistic opoclaltsts a a« «oolgaor«,  ba« a aajor aharo la too foraatloe 

of tbla ocloatlflc «cbool.    Tboso vor«  •** <tl*tlsgwl**&!4: «orkor la 

•close« as« tocbsology of BffSB (taaalss Sovlot FooOratlvo socialist 

Aopubltc),  Colossi Osssrsl of Artlllory «aJaoial roaorovlcb Drösser, 

louroat* of Italia's aoasl,  assbor of  too Fraslaloa of  tbo Acoaaay 

of Artlllory teloscos;  aal Major Gosorsl of Artlllory Ssclsoorlsg 

Sonrlcoo  Ivao Platoaorlcb Oravo,   lasroato of ttslls's astfal ssd 

actlv«  aoabor of  tbo Acadeay of Artlllory  Scloscos. 

As alroa«y ststo«,   M.W.   Drosoov subaltto« tbo first aatbooatlcally 

proelao  solutloo Is oorld Utoraturo of  tbo  fsadaaoatal  probloo of 

Interior ballistics,   vltboot any of  tbo apsroslsstloss «tills«« by 

for«lg* aotbors. 

•loco  1911,  bo bss  locturo« for assy yosra at tbo Artlllory 

Acaoooy Is tbo coarao of ooapoo «oslco,  as« froa lttO la tbo coor«« 

of lstorlor ballistics of tbo «aval Acsaooy. 

rrofossor V.r.  Orosaov bss vrlttos a saabor of atodloe tooar« 

the oxpsnslos of bio aotbo«,  as« bas coaslloa' asocial  tabloo  for 

aolutloo of probloao la latorlor balilatlca. 

Thoso tsbloo o«ro of great iassrtssco  for tbo offorts os 

aecelarstlos of ballistic «oslga aa« laproyoaost of oar artlllory 

aystess,  slsco tbo cslea1stloss of tbo  lattor «oro cosalaorably 

alopllfie« by tbo exlotesce of tboso tablo«. 

I f 
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Dur IM r»ry rocoat  tiaaa  <l»4T-lt«t),   M.W.  irw»? IM« writtaa 

tao aor« stadiea.     Oao portaiaa to th» propsrtlaa of higboat poaar 

artlllary «eapoaa.     Tb» other praaaata aotatlaaa of tb» latarlor 

balllatlca problea ta ralativa «arlablaa for staple »ad cooblaatloa 

Charta«,   »tth appaadod tablaa »»Ich cosaidarably axpadlta coaoatatloaa. 

Professor P.P.  Broxdov ta tha founder of tao laaalaa School for 

th» as Iliatic Desles of Oaaa,  which created • auaber of eatetaadlag 

art 11 lory  types. 

Profossor  I.P.   Grave  lectured for assy yeara  (fro* It 11  till  1034) 

on latorlor bslllstlca at  tha Artillery Acaeeay,   aad irrote  tha aoat 

coaplsts course of  thaoratlcal  latarlor balllatlca  la »or Id  literature. 

With  respect   to  lta  variety of   Included aaterlsl  aad tho coopletesess 

of exposition,   this study aay be Justly aaoed an eacyclopedia of 

theoretical  latarlor balllatlca.     This courae  is coapoeed of four 

voluaae of pyro-dyaaalea   (l»33-to  1»37)  sad pyroatatlca  <1*M). 

Th» course coatalaa extensive aatarial,   sad praaaata a criticlaa of 

•»salsa sad foralga articl»a aad stuJlee.     All  thoo» aro aaalyaad, 

aad cita referesee  lltaratur».     for th»  firat  tlao la oar llt»rstsr», 

problea« of gaa dyaaaica aad balllatlca of aa 1 scoopl»taly »acloaed 

apaco are submitted to particular coaaldaratloa la tbla atadp. 

Aaida froa thla,   I.P.  Grave had coatrlbuted largely to tha 

aovalopawat of aa experlaoatal baa»,  at th» Artillery Acadaaiy by orgaals- 

iaf a balllatlca  laboratory la lta«. 

After  1#3» aad darlag tha pariod of tha Oraat Baoalaad far, 

Professor  I.P.  Orava hold tha chair of latarlor balllatlca at tha 

Artlllary Acadaay,  coadactad a series of  l»v«»tigatle»o,  aad »rota 

several  studies OB curraat problema of laterlor balllatlca» 
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»•EWiiiwjmm;"« 

«Mir» grave eoastaatly, 

liest«« practical problaaa) 

valopaaat for latarlor 

Savict School af ballistics, 

aaecaasfully aalra« all of tba •arc 

that aeear, as« lay« «at aaw paths of 

ballistics. 

la tba paat,  aa vail «a partlcalarly «aria« tba parlo« of 

Soviet «s«alopaaat, oor aatioaal aclaaea of ballistics «apt abaa« 

of forolga thought »lth raapaet to assy aora laportaat problaaa. 

Tao fallaalag facta aa* b* «seta« by aay of asaaplaa: 

A aatbaaatlcally praclas aolatloa of tba faa«aaaatal aavatloa 

of latorlor balllatlca «aa offaro«,   for tba flrat  tlao la world 

lltaratura,  by Profaaaor l.F.   Drosaov la 1903 la oar couatry. 

Tba problaa of aolvlag • aarlaa of «aastloaa ralatlag to 

coablaatloa chargaa la coaplataly aatoacha« la tba vorlS  lltaratara. 

la oar coaatry,   tbaaa problaaa vara aolva« by i.F.  Drosaov,   l.F. 

Gravo,   T.I.  Slakbotabll aa« othara,  abo alao praaaata« tablaa for 

thv aolatloa of problaaa for tba caaa af coablna« chargaa. 

Aa aaalytlc aolatloa of problaaa for aortars,  wltb calealatloa 

of partial «acapo of gaaaa through tba claaraaca,  waa aabaltta« la 

tbla coaatry la 1040 by 1.1.  Sarabrlahov,  I.I.  Orataa,   aa« la aora 

«atall by «.•. Oppohov. 

ballistic «aslga aa« lta asthoaology baa baaa traata« aoat 

coaplataly,  tboroagbly aa« ratloaally,  aa a raault of  tha ataSlsa 

of oar aclaatlat«. 

Tbo problaa «f hlgbaat povor vaapaas), ar vaaaoaa «1th aavallaat 

volua».   la solvs« la tbla couatry «lffa^satly tbaa la Fraach  lltaratara* 

A aolatloa Is glass «bleb is aora acoaoalcal aa« a«vaatagaoaa froa 
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the •Uatfpolat of dealga. 

A as* net hod of bellletlc aaalpaie of guapevder,  eh ich peralte 

the  teat deteralaatioa of  the actual principle of povder ceabuetloa 

•a« recogaltioa of  the laflueace of a ehole seriss of  factor« 

previously ot ere carded  (physical principle of coabustloa),  waa 

developed by M.I.  gerebriakov  la thla couatry betveea 1113 aa4 ItSlr. 

Also,   the aolutloa of ballistic prob1«as through tbo eatbode of 

auaerlcal  iategratioa eaa developed vorp thoroughly la thla coaatrp. 

Thla astbod «ss ueed for ths  first  tine  is ballistics bp P.M. Troftnov 

in 191*,   is exploitation of tbo studies of Acadsaiciaa A.I.   Crylov. 

Ths nethods of  auasrlcal  solution of  prob1«as «wrs developed sad 

expesded in particular dstalla by Professor C.P.  Oppokov  is a ssriss 

of bis  studios. 

This  lncoaplst« accouat of  ths accoaplishaeata of oar sclsstiata 

already peralta recojcaitloa of  the  fact  that  iaterior balliatlca haa 

reached a high  theoretical  level  la oar couatry aad progresses along 

th« proper patba.     la order to    fulfill  the alsaloa assigned by 

Coarade Stalle,   "to exceed the accoaplishasata of  foreign science 

elthla a abort period of  tine," it  la eeceasary,   bp asas* of coatiased 

aad Bereistest work,   to ralss still  farther the seiest1 fie  level of 

oar  Investigations. 

Artillery technology develops vlth each paaalag pear; eblle the 

probleas eoafroatiag isterlor balliatlca vises aad becoaev aore coaplex. 

lev netbods of aolutloa cons lato exlateece.  Outdated hypotheses are 

ellnlaated,  aad are replaced bp BOB ON«.    IS« exaeriasatal astbods 

aad e»re precise eeuipeeat are  latroduced,  providlag research 

P-T»-T3a7-El xlv 



'""'«•ante 

•cititUti ttU ae* MUiriil «Ml MI a«tboe* of  lav«etlgatlee. 

latorlor ballistic« «ill progr««« •• a remit of tb« eapeaeiee 

of oar kaeeleofo of the discharge aad of poo——— accoapaaylac it, 

the NUUlihMit of ae« relee,   tM riplHMiit of oateatee' bypotl 

ay aev oaes,   U« iaprereaoat of oar ability to direct the dlschar*» 

aloeg to* desired eoarao. 

Tee alsoioa coafreatla« too stadeata of a eoarao la latorlor 

ballistics la to becoae faalliar vita tao aodera etatea of this 

braech of acloaca aad »lta tao theoretical fuadaaaatala of latorlor 

ballistics,  aad  to  leara  to apply  thoa to aolatloa of aaaoroaa 

practical probleae ariala«. la tao dealga of various  typoa of art11lory 

aad tho aaaaialtloa for tfeea. 

LESTIBO Or aptaCLATCTg.   STaBOLS ASP DBTISIT10M 111 
wiwLD or irraio* BALLISTICS 

A. BASIC PBOPOSIT'IOM 

1) Tao follovlat listlag apoclfloa oaly tho aoot cbaractoriotlc 

valves seed la latorlor balllatlca aa oao of tao braacbee of 

artillery acloaco. 

a)  ladlvldual toraa relatlag to variable« associated «lta cortaia 

characterletlc iaataata aro proporly dealgaated ay addlag tao 

folloeleg aabacrlpta to the ayaaol of tb« variable valao: 

0 - for tao laotaat of co—oacoaoat of projectile aotloa. 

a - for the laataat of aaxiasa proaoaro of gases. 

• - for the laataat of deooaposltioa of tao poeder graies* 

k - for tao laataat of tao «ad of povder eoaaaatloa. 

d - tor  tao laataat of tb« projectile leavlag tb« bor«. 
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3) A» 1* proper.   Interior belllatlce etillaee tae follevlag 

ejrstea of «alto: eaciaeter-kilegraa (force)-eecea«. 

4) Tbe tor* ~»o»*»r grata" 1« coaatrae« •• • ••••rat* eleaoat 

of tbe pe«oar charge  (atrip,   flat««1 cyliaoer,  rot,  cebe, ttc). 

5) Tto laltial «IMUIOU of ••»•tor grata ar« ta« eiaee of 

the grata« prior to ta« eoa—ae—at ef coobeetioe (explosive 

coavareloa). 

• )    Baaber* ia pareatb**** coataia** ta ta« text correapoB* to 

tha  it«a aeaber la Mctloa B of tata lietiag. 

7)    Ma—aclatar« ataaaargiae« a« tocaalcal  t«ra« ia prlat«« 

in hatvy typ«. 

•TOOLS AMD BBPIVITKMS 

I tea 
Mo. 

i 

la 

aclatur« Sraaol Deflaltloa 

Caliber ef barrel 
(cyllagrlcal) 

Call bar «f  barral 
(ttnrt» 

Creaa eectioa of bor» 
(groove«1) 

Length of bore 

Loagth of ta« rifle« 
porttoa of  the bor» 

Caaracteriatica of ta« 

4 

«0 

Hi. 

**ar 

Gaä cuaaotr 
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•rrel.   Project 11« aad Charge 

Dtaaotar of bor» at groove 
"laaoa" 

gatraac« caliber 
Bait caliaar 

Area of creaa eectioe of bore 
ta ta« pert »here rtfltag 
greovee have fall profile 
(groove* laclaoag). 

Bt*ta*e*  f roa breech **g of 
ta« aor» to tb» aasxl* fac» *f 
ta* barrel 

slvii 

Olataac» froa the begAaaiag 
of greovee ia tee bare «a tb* 
»sal* face of the barrel 

laltial air apse* ia tb* 
cbaaoor portlea of tb« barrel 
•itb a properly loaoetf 
projectile 



FTüi 
aclatara in>oi Daftaltlaa 

7 

10 

11 

12 

13 

14 

1» 

•olaaa af gaa cbaabar  (9) 

Valgbt af projactlla 

«algbt af  pMM*r 
cbarga 

II.     Propartlaa of 

••at of foraattae 

roar aa* 

Specific valaaa of 
poaaar gaaaa 

Taaparatara of  poaaar at 
tba  tiao of  flrla« 

taarcy of poaaar cbarga 

Govolaaa of r gaaaa 

Bat« of baraiag  (a 
varlabla aalaa) 

lata of baraiag aaaar 
praaoura aajaal to 
aalty. 

Tba aaaatltp of baat aaltta« 
b» aaa kilogram   of poaaar 
baraing la a eaaataat apaea 
aa4 »aaa coallag tba gaaaa 
o»«a to »ba taaaaratara of 
lg°C (vatar vapa?) 

Volcaa occapiatf fey gaaaa of 
oaa kilagraa of aaaaar at a 
taaaaratara af 0*C aaa" a 
praaaara af Taa aa of aaraarjr 
colaaa (aatar vapor) 

Taaaaratara of poaaar 
coabaatlaa (baatof foraatloa) 
aaaaaraa froa 0*1 (abaalata 
aeala) 

t - fa*!*!    (10; 11).  abara 
373 

pa - oaa pbyaical ataaapbara 

A coafficlaat rapraaaatlag 
tba affact af tba aalaaa af 
gaa aalacalaa aa tba praaaara 
af gaaaa 

LIaaar valoclty af prapagatloa 
af eaabaattaa raactfta* af 
poaaar toaaraa tba caatar of 
tba poaaar grata 
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tu 

It 

17 

IS 

IB 

ao 

ai 

as 

23 

34 

as 

a« 

37 

Mhtvrt •ratal Beftaltlea 

III.    Dlaeaeloaa of teapoeoer Oral» 

Depth of the burst  leper 
•f a pipwiir grata 
(variable valae) 

laltlal tblCBaeos of 
poeiter grata 

•erface of poveer erala 
(variable valae) 

laltial surface of 
poaosr grata 

Volose of povdar grata 
(variable value) 

laltlal voluse of poveer 
grata 

•alstlve thlckaeee of 
buraed lever of povder 
grata (varlabla valao) 

•eletlve eurface of 
r grata 

»1 

A 

Ai 

a(a) 

tftc voluea of bwreed 
>r grata  (varlabla    i       i 

valve) I 

It.    Travel,   VOlocttiee 

Iaataat of departure 

Belatlve travel of 
project11*. 

Total travel of pro- 
jectile la the bore 

a - -*—    or x • -Ä- 
•l *h 

(IS,   17,   33,   33,   14,   1») 

«f     Ai -A 
Ai 

(it, it) 

(>1.   34» 

3t   ] belatlve «pee« of the v(v) 
r-TS-73t7~3S xim 

aad Preaeurea 

The laetaat of pa—go of 
baee of projectile poet 
•easle face of barrel. 

Oleplaceaoat of projectile 
la relatloa to the bore, 
esaoare* fro» the leeetloa 
of projectile base st the 
cooswaceeeat of oettea. 

Travel of projectile la 
relatloa to the bore (St) 
at the iaataat of tepartere 
(35) 

Speed of projectile la Its 



It» 
ft». 

Moeioa clataro Syabol Deflaltlea 

projectile  (variable 
value) v(v) 

eeveaeot relative to the 
bore (M) 

3» •asale velocity *d   <V lelatlve velocity of pro- 
jectile (M) at  tbe laataat 
of departere (3ft) 

30 Prweeare of powder gaeea 
(variable valee) 

P •eaa vale« of partial 
preaoere« of powder gaoea la 
tbe iaitlal air apace,   at 
tbe glvea pooitloa of  tbe 
baae of projectile  (at a 
glvea laataat) 

31 Maas preaaare of   powder 
gaeea 

Par 
Par " "—- <37»   7'  "'  J'  M)» »gat                                           j 
wbere g - acceleratloa of 
gravity 

I  - \     pdt  (34,   30),   where 
0 

t - tlae 

Ik -   / pdt  (34,SO),   «here 

0 

32 Iwpulae of preaaare of 
powder gaeea   (variable 
valae) 

I 

33 Iwpulae of preaowre 
powder gaeee at  tbe ead 
of powder coatmettoa 

»k 

t - tlae 

T.     Special   Tal uea aad Coefflcleata 

34 Deaalty of  loadlac A 4 . OL.  (•:•),  «berewia la 
\ 

bg,  aad \  la da3 

3ft Gravlaetrlc deaalty of 
powder 

latlo of eoigbt of powder 
placed freely la a coataiaer 
of a glvea eeepe aad volaee 
to tbe eelgbt of water at 
4°C (deaalty eejaal 1) 
occapyia« a eeetaleer of tbe      1 
aaae velaae 

•eeerb: Tbe gravlaetrlc deaalty 
of pewder depeade oa tbe 
volaee aad ebape of tbe 
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It«» aclatwro •*»bOl Doflaltloa 

Mm 

M 

3» 

40 

41 

42 

43 

«o«uca«  loagtb of ckiiktr 

Actual   loagtb of chaabor       lta 

37       Factor datarmlalag 
McoMary  fuactioaa 

Coofflcloat of volght of 
pyojoctllo 

Coofflcloat of chargo 
utlllsatloa 

Coofflcloat of projoctllo 
locatloa at  tbo  laataat 
of total coabuatloa of 
chart* 

•olatlv« «eight of chargo 

r factor of «oapea 

Bffleloacy of tho chargo 

V 

V 

«, 

coatalaor, aa4 «HI tho aotbe« 
of placiag to» «oooar la it. 
T»t#ao factors aro «pacific la 
«as* git*sa caa». 

Tho Uagtfc of a etralgfct 
cylieoor «fcoao voloao la 
eoual to tho voloao of tbo 
gaa chaabor (•),  aaa «fcoao 
baa« aroa corroapoaoa to tho 
ar«a of tho croao aoctioa 
of tho bor« <«) 

Dlataaco  fro« tho baao of tho 
boro to tho baao of tho 
projoctllo 

A coofflcloat  for «valaatiag 
tho aocoaoarp faaetloaa of 
powoar gaaoo (rotatloa of 
projoctllo, gua recoil,   frictioa, 
• tc.) 

c- - -i-  (7;1),   «boro % la 
«     a» 

kg aatf a la «a. 

1^.  !Ift—   2.   (7;   29;   •) 
Sg       «• 

vh«r« g- accoloratloa of gravity 

^b " V'a <"> 
ohoro l>k la travel of pro- 
Joctllo  (St) «t tbo laataat 
of  total coabaotloa of tbo 
povear 

€8 - •• «* 

ft»       m t 
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Itva Paaaaclatara fly.bol Baflaltloa 

44 

45 

Cfcarglac pmnmmfr of 
Profaaaor I.F.  0ros4ov 

Ooafflclaat of  chaabar 
•spaa*!«« 

• 

X 

..•ft!« 

I . ZS.    (M:  Ma) 

: 
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HIT    Oil 
MTtlCU    M I I C 1 K I I 'o r 
IIT1I10I    IULIIT1CI 

IICTIOI    Off 
omroi»!i   At   Tii   lomci   OF   IRIIOT 

aumm i - cntiAt ICTOMATIO» OB gjgggMn» 

i.   TT*U or rofRMtu 

Modern guapoedere belong to • group of aaokeleas colloidal 

poedere.  Black poedera, uaed at tba tiee of the iaveatloa of gum- 

povder, are aoe weed la artillery only la tha capacity of lgaltere, 

la prlaer cupa, la riaga of tlae fuaee, aad also la ahrapael. 

Saokeleee poedere, «bleb appeared alaoat almltaaeoaalr 1» 

France (Tal) aad la« la ad (nobel) duria« tba 1890's aad 1990 a, 

war* rapidIf adopted la all couetrlee.  Tbelr latrodectioa greatly 

aodlfled all artillery aaterlel aad coabat tactlca. 

Tba bealc propertiea of aaofceleaa poedera are: coaalderably 

greater energy, aad aa ability to bwra la parallel layara, ehicb 

poralta regeletloa of tbe laflux of gaaea foreleg dwrlag the 

eoabuatloa of powder. 

The aala beee of all aaokeleee poedera la pyroxylle, or altrated 

colleloee.  la tbla eeaaectloa, a dlrleloa la Bade, aa reepecte tbe 

degrea of altratloa, late highly altrlc pyroxylle or •». 1 (eitrogee 

coateat IS.9 to 13.3%): loeer aitrie pyroxylin or BV»S « (-itreges 

cesteat 11.9 to 13.3%), aad collodloa (~11%). 
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- mmammmx* ""iWifiit':   'I' 

Pyroxyiia He.  1 l» tlM «ailed tiMhbl«,  tocitt* it is 

practically taaolwble la a atstar« af aleehel aad ethyl etber. 

Pyroxyiia la. a la called aeleble,  eecaaae it dleeelvea alaoet 

coapletely ia the aaaa alxtare. 

la aaay eeaatriea, a alxtare af pyrexyllaa Ha.  1 aad Ma. 3 

is aaaa far taa productlea af geapeeder (for exaaple,  ia aar eeeatry 

•M ia Praace). 

Ia taa 0.1.A.,  poedar la aaaefactared vitk a eo-callea pyrocollodloa 

aaaa.     Taa latter raaka bataaaa a».   1 aad Ha.  a with reapect to 

al trogen coataat  (13.S to  13.79ft).     It  la however entirely aolable 

la aa alcohol-ethyl other aistara. 

Developed by D.I.  Bead» leer aa early aa  IBM,   pyrocollodloa 

galatlalcea rery »ell,   aad provldee a aar» boeogeaoea povear eeb- 

ataac»  thaa tba poedar coataiaiag iaaolubl« pyroxyiia. 

ffhaa subjected to  tba actiaa of aa alcohol aad ethyl ether 

elitäre of a glvea ratio,   tba pyroxyiia aill gelatialae seder 

preaaare aad becoae a colloid. 

a alxtare of pyroxyiia eltb a eoleeat,  aa aa to fora a paete, 

caa be glvea aay fore (atrip,   tabe,  rod,  ate.)  throagb extresiea. 

Pare pyroxyiia poedera are prepared: 

a) Proa a alxtare of pyrasylla Ho.   1 aad Ho.  3  (alxed pyroxyiia); 

b) Proa a pyrocollodiee; 

e)    Proa oae pyroxyiia Ha.  a  (for apecial purpeeea). 

Ia additloa to pare pyroxyiia paedera,   there are  the ao-called 

altreglycerla poaders.    Tba latter eaataia fro* 3a to «af» af 

altreglycerla,   the reaalader caaeietlag af »yroxylia aad a aaall 
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«uaatltr of varloaa aoalatoroo. 

Vp to tko flrat laporlallatlc forU var of  1014 to ltl»,   tbo 

altraslvcoria povooro voro 01*1004 lato too baolc croapo:  too 

balllatltoa aa4 to« cor41too.    Tbojr 4lfforo4 la tfcolr coatoota of 

tba aloaooto,  tho quality of tbo pyrosvlla,  aa ooll aa too oolvoat 

gtlatlalalaa; tba povoar. 

Balllatltoa ara praparoO wltk a aolublo pvrosvlla,  oaialjr a 

colloid vita a ooall altrogoa coataat.     «ltroflrcaria la uood ao 

th» galatlalalac agaat.     la too praparatloa of tbo povoar,  tbo 

aubotaaca  la  flattaa«4 out uaoar hot rollara aao cut  lato cuboa or 

ractaaa?ular otrlpa. 

Cordltaa ara praparaa with aa laaolablo  (highly altrlc) 

prroxylla,   vltb aeotoao aorvlaa: aa  tba oolvoat.     It  la «xtroooO 

la th«  for» of cor4a or tuboa. 

Tho f lrot apaelaoaa of cordlto coatalaoO op to Sol of altroflrcorla 

(cor41to •-!); obll« lator opoclaoaa coatalaoO fro« 39 to 30% (cordlto 

M> - aadlflad). 

Saokolaaa povoara bav* a algalflcaatly b labor «aor*y aa ooaparoO 

vita  black poooora.  At  tao oa»o  tla«    thay toavo oao aubotaatlal 

41aa4vaatag«.     tola« praparaO vltb aa athyl  atbor-aleobol oolvoat 

or vltb acetooa,   tboy coatala ooao quantity of tbla froo oolvoat. 

Io tbla coaaoctloa,  aapaaalaa; apoa ataoapharlc coodltloaa,   tbo oolvoat 

caa ovaporato froa tbo povoar, or.   vlca voroa,  tko povoar can aboorb 

aolatsre froo tbo air.  oucfa variatioaa la tbo coatoat of volatile 

aubataacoa aro rofloctoal aoita abarply la tko balllotlc aualltlaa. 

Tboaa proportion,  volatility aao brrroacoplcltv, of coaooa pyroxyllao« 

propara4 froa a volatlla oolvoat aao,   to a laaoor oogroo, altrc- 
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glycarla povsora,  aalt« it — cocsary to atara tbo povsar la vatarproof 

pacblag ••«,  iMMTtr p—tbla.  at a coaataat tsaporatars. 

•aglaaiag with tb» first «art* var aaS asbsssssat ta It,  tbsr» 

appaara* a possar praparoS vltbaat a aolvaat    or «ttb a aoa-volatll» 

aol*»at.    aaoag povsara af tbts typa «a eaaat a povsar praparaS fraa 

a atatar» of pyroxylla aaS trotyl.    Tata povsar,  «boa aoatoa aas 

aa»J»ct»a to bigb praasara, »til galatlalaa aaS caa ao «all proas««-. 

A pavaar coaalatlag of pyroxylla,   attroglycorta aaS as asalstara 

of attro darlvatlvaa of ta» aroaatle earl««  (Sl-altro-tolaol,   «1- 

altro-b«as»n»,  coatrallt» aas otaera)  »la© baloaga to tbta typo. 

Th»a»  poweara »r»  aoa-bygroecoplc,   aoa-volatlle,  aas bar» a 

comparatively   lo»  lgaltloa teaparatare.     Tbey art awch alaplar to 

proSuc«,  aad tharafora  flaS lecreaalag utlllaatloa  ta aaaoroaa 

oouatrloa. 

Dl-altro-glycolic aaS altro-gaaalala« povsara appeareS ta 

Oaraaay «urlag tba parlog of tb» Oraat ao«olaaS Var (vorlS War II), 

aocauaa of  tao «xlatlag abortagea of ra» aatartala. 

laaofar aa pyroxylla la oatalaaa by taa altratloa of eottoa 

vltb a olxturo of altrlc aaS aalfurlc aciae,   aas taa fro» acts 

roaatalag la ta« pyrozylla grasaally sacoapoaoa It,  a coaplato 

roflala« of tba lattar,   for taa parpeao of ollalaatlag tbo acts, 

coaprlaaa ©a» of tbo aala oparattoaa la tba proSactloa of pyrasylia. 

goaerar aacaua» tracaa of aelss «111 raaala aftar tba sraperatl»» 

s* tba naaSar.   mm* «111 tii«*t Its k«99i*g •«•litlea,  aboat 1 to 

ttof t atablllxer la aaltably alaaS iato tb» povsar for tba parpoaa 

of aaatrallslag tb» actloa of tbo aclsa.    Tbta atabtllaor coabli 

with  altrlc exleea aai aaatrallsaa tbaa.     Tba aoat coaaoaly aaaS 
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atablllaara aro «1-M*M1-M1M aa* c«atraltt« (Ol-etbpl-a'l-pbaayl- 

araa). 

a.   COUUL ptopnriu or room, tsti» row, 
oiawatioos A» TTVM 

•aakalaaa povaar la • collolOal aabetaaco, a gal, «Ml is 

•1*1 lar  la lta axtaraal appaaraaca to callalolg.     It la «eal-traaaparvat 

or opaoaa,   «epaaglag upoa tba coopoaltloa of taa paaaar aa4 tba 

tblckaaaa of taa aatorlal.    Tba «aval color of pvroiylla poaaora la 

grayla* graaa.    Tbo color of ih« nltroglycorl« povaara la brova. 

Stabilising aaalxtaraa «tola tana lato rarleaa color« (yollov,   rag, 

black),     Pyroxylin pav4ar  lo faaraor than altroglycorla povaar«,   tba 

lattor aalaw7 aero ooft an« olaatlc aa a roaalt of tta« proaoaco of 

Heal« altroglycorla. 

Tbo aarfaca of a powaOr nay bo roach,   «all or pollabog.     Plaa- 

grala poaaora  for aaall araa arc  for tbo aoat part coat«« «ttb graphIt« 

to lacraaaa coapactlag aa4 to r*«wc« «i«ctriflcatloa of tbo povgar 

aa a roaalt af frlctioa.   la thla «ay,   tbolr aarfaca tab* a oa a ablalag 

black color raaaabllac by  lta appaaraac« black gaapaaaar. 

Tbo for« of povaara la uaually »aria«:  atripa,   ractaagalar aboota, 

block«,   cabo«,  abort aa«  loa«  tab««,   grooiroa' gralaa,  «tc. 

Povaar la tba fora of tbla aguar«  flakaa, or baa«« «ltb • bo la 

tbroagb tboo «r« uaod for aaall araa.    Tba ratio af a alaa of tbo 

aguara of • flak« to tb«  tblckaaaa varlaa froa 9 to 10.    Tba l«agtb 

of a baa« «ltb a bo la throw** it la ft to 10 tlaaa lta «all tblckaaaa), 

«blla lta laaar «laaotar l« froa half ta tbo oatir« «all tblckaaaa. 

Poaaor for «aapaaa of aaall or aaglaa call bar« «ltb car tr lag* laaalag 

hava tba fora of  long tabo«  (aacaroal),  «ltb a ratio of tbo loagtb 
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to ««11  tblckaeee fraai 100 t» 900,  or  they aay be la the for» of 

•tort cylledere vlth either OBC or eevea bo lee  throve»  thee <ooo 

further for detalle).     Both of the  too Uttor ferae are call«« 

graewlar povdera.    Their  length la • to  15 tlaoa greater tbae the 

wall  tblckaeee.     (Oralaa of riflo povdera art appropriately ehorter.) 

Poedere ia the  for» of loag tehee,   either for the oatlro  length of 

tho  gwa chaeber or la too aeal-chargee  for half of the gaa chaeber, 

•r«   ueed alaoat excluelvely  for veapoae of   larger caliber vlth 

Individual   loadlag.     Olece  the  loadlag of  thoao «oapoaa la perforated 

Individually aad automatically,   and  the  velghte aad volueee of   th« 

chargee in   larger,   It  la  laportaat   to  have a  eturdy.   Inflexible 

chare«-     Thla  reaelreeeat   la  fully aatlafled by a  bundle of  tightly 

bouad tubaa. 

Th« quantity of gaaoa  formed durlag burning of  tb« povder,   aad 

th*  rat« of their foraatloa,  dope ad oa  tho «eight of tho charge aad 

the  eueerlcal value  for tho «erface of   the povder.     Th«   latter 

depeade oa tho thlckeoee of tho povder aad  lta fora.     The aaaller 

the  gralae of the povder,   the larger their aurface  la  la a glvea 

«eight of  the charge;   the larger the quantity of gaaea foreleg  la 

«alt of   tlee,   the higher la the rate of  povder coabvetloe.     The 

larger the caliber of  the veapoa aad lta leagth,   the loager ahoeld 

the actloa of gaaea oa the baae of  the projectile laat la order to 

provide  It vlth a glvea velocity,  aad the coaraer ahoeld  the povder 

be.     The vail  thlckaeaa varlea froa 0.1  aei for piatol povdera  to 

• aa for povdera for the 3M as (14 laehea)  gaaa.    A poroee flae 

povder le uaed for platola. 

Proceaalag fjgeder.     Ia order to obtala a glvea fora of povder, 
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tlit »afcotaac» la foree4 through aorforatloaa  (of a 41»)  »7 aoaaa 

of a  proa».    Strip poaoara art ••<• aitaor hjr flattaaiag aaoar 

rollara aa4 aubaaaua»t cuttlag,  or ay forelag throagh a flat «lot. 

la oHtr to illaatrata tha praparatioa of poaoara vita cbaaaola, 

a aehaaatlc «raalag la ahova halo« of a «la»   throagh ahleb taaolar 

po*4or  ia praaaa4  (figa.   3 aa4 4). 

Tho povoar aaaa ia coatalaa« la  tha apaco actooaa  th» plaagor 

A aa4 tha plata 4la a».     Oaoar tho proaaaro of tha plaagor,   tho 

aaaa  la  f»rc»4 throagh  tha opaalaga la  tho 41» M aa4 aarrooao» 

taa attacho4 pla C.     Tha holaa  la tha 41» ara eyaaetrlcal  relatival* 

to tha pla,   aad ara 4aalgaa4  la a aaaaar aach  that  thalr  total 

mi  la  largar thaa tho croaa-aactloaal  araa of  tha cylla4rlcal 

portloa 4-4. 

Flga.  S aa4 4 - Oiagraa of Dla  for Praaalag PoaOar 

1)     gottoa via« at 4-4;  t)   top ri»» of  th» 41» plat». 

Is via* of th« fact that the plaagor A aoraa 4ova*ar4,   ta» aaaa 

ia aatr«4»41 la tha ahap» of  tabaa,  vhlch ara brohaa off fro« ttao 

to tiee.Latar,   tha  lattar ara 4ri»4 la tha opaa air to elial«ate th» 
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•ic«*« «f tb« tolmt  aad cat  Into Met low of tb« d*slr*d lvsfth. 

Twbwlar powd*r 1« thus obtained.   P»«a«r with a*v*a hol«« ia it 

la «lao obtalaad la a« analogouo proc*sa. 

It «a« agraod  ta «••lgaat* powddra by eoavaatloaal  syabola 

indicating tb« eiwnaaioaa  (gaga) of powder,   for« of grains,   lot, 

year of • redaction nad factory at which th* poeder waa prodaced. 

Fwwddr« for saall araa trt deaigaated la thia aaaawr:   (n n> 

PI - flak«,   <p>  I - revolver powder,   (•)  V - rlfl« pewder,   <1J|)  TL 

• rlfl« powdwr for 11  caliber bulUta.   (IT)  TT -  rlfl«  poeder 

for  large calibar bullet«.     For  laatanc«,   •   1 depot**   rlfl* 
43 

powdar,   Sad lot of   1943,   ftoehal   factory. 

Oaapowddr  la deaigaated by a   fractloa,   whoa* d*aoalaator 

indicates  th« ewaber of bolea In  tb*  grain aad  tb* aeawrator ahowa 

th*   thlckaeaa of  tb* wall   In tenth* of a ellll**ter.     Por  lnataac*, 

7/1  - a grain «1th on*  hol* aad vail  thick**** of 0.7 a«;   15/7 - 

a eraIn with seres hoi«« nnd a wall  thick**** of  1.5 a*. 

7eh*lar aad strip powd*r* irt uaaally deaigaated by th* calibar 

of tb« wwapoa f«r wblcb th*y trt a«*d.     For iaataac«:  75/50 - powdOr 

for a 75-am wwapoa with a   50-calibar  leagtb. 

OUFTa» II  -  aUF-IC CKAlACTKkimC« OF POwDQ 

1.     OUlACTtBltTICS OF TIB COMFOtlTIO» OF FOWDU 

Powders u«*d la our country ar« for tba «oat part pyroxylin. 

Tb« coapoaltloa of  tb*** powdara  ia basically detaraiaad by two 

characteristic«, oa which depead all physical-ch**4cal aad 

fuadaawatal balllatlc prop«rt,i*a.    Tb««« characteristic* ar« tb« 

nltrogea coataat  la tba pyroxylla powdar aad th* content of volatile 

swbataacaa. 
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Pltrogea OitMt 

To  characterlae •  povder «ith  reapect  to altratlea,   It  to 

aoceaaary to baov too altregoa coo too t  to 1 graa of pyroxr'ie 

Tfcte  la uawally expreeaed ia perceat or la ca* SO (aitrie oxide) 

eorreepoadinc  t>  1 gras of pyroxylla powder.(•) Tho altregoa coatoat 

affecta  the energy of too povder,  a« voll aa Ito rato of coobeetloa. 

Ttoe creator the coatoat of altrogoa la,   the etroager la tao povder 

aad the  oore  lateaelvely It will  tora.  Oa tho average,   tao altrogoa 

contoat   ia  pyroxylla fluctoatea vlthla  tao  raago of  11-• to 19% 

(K -   18S.&-20S ca3 MO/g of povder). 

Coatoat of  Volatile haaataaco  la  the Powder,  gaoroaeod  la 

Perceat 

la a physical  choalcal aaalyala of powder,   aot oaly  tho  total 

coatoat • of volatile eubetaacea la deteraleed,   bat also  lta coapoaeat 

parta.     aaaely:  volatile aabataacea removable by aeaaa of • boero of 

drylag at a  toaporataro of t«°C  <h%),   which are «eaally coaaldered 

to be  the bueldlty coataiaed la the  powder,   aad  tbea tboae  laaoparablo 

by alx boure of drylag  (h'l)  «bleb are attributed  to  tao alcohol-ethyl 

ether solvent   reaalalag la tao povder aaaa aad gelatlalalag the powder. 

Tho value H  la oaually related to the thlckaoaa af  the povder, 

•ad the  thicker the  powder tho hlgber will • be.     Ia  tbla povdora • 

I' -5 

tf 

(•) tolatloa betvooa tho altregoa coatoat W% aad tbo volaae MO la 
glvea.by tbe forvstla W% * I x tJMIIIT z 109»  «bar« I is tit 
•f ca3 ia i graa of povder at 9* aad a preaaarv af Tao aa. 

<0.MS7 — -i), or • ~ -fV * " -jr- 
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«aaala 3.0 ta ».8»;   la povdara vltb • atrip tUckMM af t»Mt 1 

aa,  B^^.tt:  la vary thick povdara,  titt a tbickaaaa ip to I n, 

• raacbaa ap to TV 

Tha valaa II aalaly affacta tha rat« »f eaoboatlaa of a pavdar. 

Tha higher I la,   ta* alovar tba pavdar baraa.    Tba varlatloa af 

aolatara coataat la a povdar,  bacaaaa of ataoapbarlc coaditioaa,  is 

oaa of  taa aala da facts of pyroxylla povdara barlag a aolatila 

aolvaat. 

t.   MYSicAL-cnaiCAL raopurriis OP ranm 
Povaar la a low axploalva; tbar*for*, all phyaical-cbaalcal 

propartlaa of axploalvaa ltd tbalr charaetarlatlca ara alao 

applicable to povaar*.  Tboae charaetarlatlca ara: 

Qaaatlty of Maat (Q, Cal/hg) aalt tad la tba eoabaatloa of 1 It« 

of povdar, aad la coollag taa gaeoa to tit* taaparatar* of 15°C. Thla 

charactarlatlc la tba aoat aaaaatlal oaa, laaofar aa at tba laataat 

of dlacbarga tba chaalcal *a*rgy ta coaverted lato tbaraal eaergy» 

a ad tba lattor lato aachaalcal aaargy.  alao, tba largvr Q la, 

tba higher la tba taaparatura of povdar gaeee, aad tba greater la 

tba aachaalcal work ahlcb they caa parfora. 

Aa a rale, Q la dataralaad by a taat la a calorlaatrlc boa». 

ta thla coaaactloa, tha followlag auat b* takaa lato coaaldaratlaa. 

Tba calorlaatrlc boab la laaaraad la vatar at a taaparatar« of 

1S°C. Taa taaparatara of aatar rlaaa at tha laataat of lgaltloa 

by oaJy a few degreee, uadar tba affact af haat aalttad la tha baa». 

aad aftar tkat it baglaa to drop. 

Tha taat la eoaductad for a parlod of 5 to 10 alautaa.  Coeeaewoatly, 

If vatar wapore ara praaaat la tha producta of tba exploaloa, tbaa 
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thay »ill procaaa* ta wMtMt aaa,   la this WMr,   taa «aaatlty of 

baat aataralaoa* 1* taa taat »ill  rtUti to vatar  la taa  Uaaltf for« 

rathar taaa vapar far«,    actaally,   tha vatar la la a vapor atata 

at taa  iastaat af lgaltiaa «r axploaloa,  aatf taa aaaatlaa   • 

• «SO 
100 

1,0 raper 1^0 11a»10 

la aaad for ita Oataralaatloa (»bar» a rapraaaata taa parcaataca 

contest of vatvr la tha Oacoapoaltioa proOacta of taa povaar, «JO 

la tha aaaatlty of kllocalorlaa abaorbad la taa coadaaaatloa of 1 

kg of vatar vapora aatf raaaclaa tbair taaparatara to 1»°C). 

aacauaa taa vatar la la a vapor atata at tha laataat of axploaloa 

or dlacharca, tha actual auaatity of boat aalttaO la thla coaaactios 

la «xpraaoa* la thla «ay: 

«a 

•jO vapor 

- «20 
100 

IjO lla»10 

If v» coavart all tha avaatlty of haat Q,«, »alttaa la a 

coabwstloa of 1 k| of povaar, lato aachaalcal aaarry hy aaltlplylag 

by tha aachaalcal aaalvalaat af baat • - 4370 kfda/cal, taaa tha 

roanltaat valaa P - OQy «111 rapraaaat taa potaatlal aaargy of tha 

povaar, or tha »ark It coald parfora If all lta aalttaa baat voald 

coavart lato aackaalcal »ark. Thla valaa la callaO taa potaatlal 

of tha povaar. 

Volaaa of Qaaaa wv   da3/kg. forma* la taa coaaaatioa of 1 k* 

r-T8-73S7-PJ| 11 
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of powaar,  aa4 occapi«« by tbaa at a praaaiw af TM 

t«ap*rat«r« of ©°C. 

Af t«r tlM coabwatlaa of |w»f la a calarlaatrlc ar 

aaaaaatrlc boob,  gaaaa aap a* oaaaaataa' iata tba piiaitor, aa* 

tkalr VOIUM aap a* aaaaara4 at «faaaaarlc praaaara aa* a taa>- 

paratiir« ef  1A°C.    Ta« lattar aajr tbaa a» i^aaca« ta 0°C.    1km 

taa vat«r praaaat  la a vaporoaa atata will coaaaaa» lata a Uawl* 

«a«" ta« «oiisM of gaa«a aaaaur««' la taa gaaaoatar will a* aamllar 

tkaa ta« actaal volaa«,   if ta« vatar waa la taa fara of a vapor. 

Taerwfor«,   ta« volua« of gaaoa Oetarala«« la ta« gaaooatar rafara 

to ltf«ld nttr 

) 
\   laO    liaala 

Per coavoraioa to th« gaa volaa« wklea ta«? 

taa vat«r v«ra In th*  for« of a vapor,  taa fanaala 

• 1S40 

14 oecapp If 

iat "i        "i 
•jO vapor 1,0 liaala 

la «Md (ikcrt a la ta« p«rc«at of vator vapor eoatoat la taa 

alxtaro,   1340 «a3 la tb« volaa« «hick waala a« occapi«« bp aaa a« of 

water vapor at ataoapaorlc proaawra aa« 0°C).    Ta« velaaa of jia«a 

wj aaa groat aigalflcaac«,   aacaaa« tb« graatar It la,  taa groatar la 

ta« aaoaat of work «kick caa aa parfaraaa bp taa gaaaa la taa aaa. 

Taoparatura of oaplaalva aa coopoaltlaa, mr tba taaparataf* af 

tb« povaOr at ta« tloa T}, af firlag,  I.«.,   toaparatara ptaaiaaii 

bp powOar gaaaa forala« awrlag taa caabaatlaa at taa iaataat af 

tbolr faroatioM.    It la aaaaaraal oa tb« abaalat« aeal«.    Tba blgbar 

tb« t«ap«rat«r« of tb« gaaaa la,  tb« graatar la tba aaaaat af aaebaalcal 

work «kick tk«y caa parfora la a tflackarga. 
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Tb« «alao T i« usually not ItttnlM« diractly durlag a  taal, 

ia via* of its larga aagaltud« and tha abort ««ratio» of povdar 

coabuatloa.     It  la dataralaad  ladlractly.     Thla raaulrua kaoaladga 

of tba «uaatity ef haat 

•jO vapor, 

tb« coapoaltloa of  tb« gaaaa,   thalr haat capacity,   «ad thalr 

variation «1th tha  taaperatura. 

Coapoaltloa of  gaaaa  and  thalr haat capacity.   Aa aaalyala of 

tha   gaaaa  aftar povdar  la   lgnltad In  a caloriaatrlc  boab aboaa 

that   tha aala bulk of   gaaaa   froa pyroxylin povdara  la coapoaad of 

the   dlatoalc  gaaaa CO,   H2,   Ba,   trlatoalc COj aad HjO  (la  tha   for« 

of vapor),   and alao  a  aaall   parcantaga of aatana CB^ aad naaoala 

m  •     Tha  ratio of  thaaa  coaponant  parta varlaa  aeaavhat,   dapaadlag 

upon  tha coa^actaaaa of  loading.     It   ia aac«aaary to atata  that 

aa aaalyala of gaaaa la aot aad« at  tha aoaaat of coabuatloa,   but 

latar,   abaa tba gaaaa cool off.     Tharafor«,   tb« coapoaltloa of  tb« 

gaaaa alao dapaada oa aacc-sdary raactloas batvaaa tha baalc  ga«a«, 

vaila thaaa «acoadary raactloaa aay tbaaaalvaa dapaad oa tba 

eoapactaaa« of   loadlag aad  tba coadltloa« of coollag. 

gaovlag tha coapoaltloa of  tha gaaaa,   it  1« alao aacaaaary to 

kaov tb« boat capacity of gaaa«    cp aad cv,  a« «all aa thalr vartatloa 

»lth   tb« t«aparatura(*>,   la ordar to aaka coapatatioaa of  tba  t«a- 

paratar«. 

It «aa d*t«ralaad oa tb« baala of «aparlaaata coaductad by 

Halliar aad Lacbatal,  aa «all a« aubaaaaaat   iavoatigatloaa,   that 

111 
I- 2 
I   ' u 
Ef 

(•) c_ aad c 
cocataat vol 

haat capacity of  gaaaa at a coaatant praaaura aad a 
c    - cw - AS 
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the depeedeace of the beet capacity of a»— c, «a teaperature t 

aay la a  flrat approslaatiea a* expreaeed ay a liaaar feaetlea 

ew - • 4 at, 

«here a aad a are coMUtt valuea. Theee have tbe aaaa fixed value« 

for all diatoalc gaeee,   a ad otbera for trlatoalc «aaaa. 

At th« praaaat tie»,  a aarlaa of vary aaa aad accarat« faraalaa 

ere avaliable for the boat capacity.    They arc baaed oa taa euaatua 

thaory of heat capacity aad tab« lato coaelderatloe tba oacillatory 

aotioa of atoaa.     la tbla coaaectioa,   an» r leal character tat lea la 

the   foraulaa are deteraiaed epectroacopically  (Biaatela'a foraalaa). 

Profaaaor A.M.   Sbeleet  eubaitted a  locarithalc depeedeace  for 

tha  aolacular haat capacity la  the  fera of 

nc9 - O.vPIS ( »  ,\ ( lm • 0 

All  theae foraalaa abov abrupt  varlatloae of beat capacity at 

low  teaparateree,  ebicb caaaot be oaprooood by liaaar factora. 

Hovevvr,  uader the coaditioaa of a dlecharge,  eaeee aa a rale cool 

off  to a  teaperature of about  1800-3000°!,   beteeea tba  iaataat of 

«aa  foraatloa at a teaperature Tj «* 3S00-3000°I to tbe iaataat of 

tba projectile'e paaaace  through tbe aussle  face.     la tbia reap* 

of  teaperature varlatloae,   all eapirlcal  aad theoretical  dopeadoaclo» 

can be ezpreeeed to a eatiefactory degree of accuracy by tbe coaaoa 

liaaar equation 

cw - a • bt - A • bT, 

ahlcb ee alao ahall adopt  farther oa ia tba aaaaal.   (far «ore detail«, 

aee  tha  eaergy equlliarlua equation^ 
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«o «»UratM tba taaaaratwr«.  «• utllla* tba aa«alit? 

•ubatltatlaa; cw - • • bt,   «a obtala 

d* - (a • bt) tf«. 

By lit«intlt| w obtala 

-i» (a «•  bt)  dt - at bt» 

Fro« this quadratic ««nation,   «•  tfataralaa  t: 

b a yt*  • at  - Q - 0; 

t  - 
-a  2    /a* • SbQ 

V« aalact  tb« elwa alga bcfora  tb« radical,   a lac« at it« 

»arm »• bar« «««apliflad tba aw rtbod of dataralaiac tba t«ap«rat«r« 

for (lvaa valuoa of a aad b,   aortaialag  to any oaa gaa.     Bov«r«r,   f«r 

a alstor« of gaaaa  tbo valuaa a aad b «ill ba  ladividaal for «acb 

• 11 

Aaaaaa  tl 

rill  bo: 
coefficients a aad b for «acb gM 

*1#   *I»   *3 »   ^i  

TIM relativ« parts by valfat  for «ach  gms art 

ij»    A« •     *3*• • • • • F    A|• • • • * a 

IS r-TS-7327-n 



«all« 

ij  • ij + ij •   ...   •  a4   •  ...  -  I. 

•'VI 

Ttaaa 

• - •!•! • «^a •3«3  ••••• »i*i  •• ••- ZL   Vi- 

ta - «jfcj • »jbj • »3b3 • ...• •&tei •...-  23   •ibi» 
1 

«a«   th«a«  valw«s Bust b* substituted la tb« «««atloa for computing 

t. 

?alu«a of  tb«  a«aa aolacular h«at  capacity  froa 0  to  t art   Hat«« 

In Tabl»   !(•). 

Tabl«   1 

t. °c •,. o,. 
CO 

«2 «2° °°2 

100 8.»8 «.»a 0.04 ».08 

soo 7.07 7.02 8.32 10.34 

1000 7.30 7.15 • ••3 11.33 

1400 7. »2 7.30 ».40 11.92 

2000 7.70 7.SO 10.27 12.2» 

2900 7.84 7.70 11.30 12.35 

3000 7.M 7.03 13.00 12.74 

(•)    Professor D.7.  Al«ka*«v,   "Plsicbvskajra Khlalya"  (Physical Cb«alstry), 
pag« 80. 
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—*r 

•lac« varloaa author* Mho It diff*r*at valaaa far a aad b,  th* 

t*op*ratur** cospwtad by tb* aid of tb* listad foroala vsrf ap ta 

10». 

•BIT« accurst* •aaatioaa ar* obtalaabla ay aa appllcatlaa «f tb* 

«aaatua thaory. 

la »law of  tb* fact that latarler balllatica aaaatioaa als« 

laclud* ta* might of povdar charg**,   aa «oil aa th*lr voll eaa 

of  taolr physical characteristic*,   la the specific «wight or daaaity 

of  pc«d*r J .     Th»  aaaalty of povoor varies vltbia «cry aarrov 

limit*,   fros  1.63  to  1.56;  and OB  ta*  average  it  la aeouawd la 

appro*last* coaputatioaa  to be equal   to  1.6.     Th* aaaalty of poador 

«opoaas  little oa   th*  typ* of povdar.      It  ia equal  to 1.6 for both 

th*  pyrosylla and  altroglycerta povder*.     For pyroxylla po«d*ra> tb* 

deaalty depeade on  tb* coateat of  volatile aubataaces •  (ta* hlgber 

•,   th* smaller J).     Po«d*ra with a eoa-volatile aolvoat hav* 

•^«•1.«, »lth «^d*p*ad*at oa  tb* coaditloaa of pr***iag:  tb* 

greater tb« pressure of presslsg,   ta*  gr*at*r  is tb* </\ 

For black povder*, <t varlee b*tw**a 1.50 aad 1.60.     la esti 

caaoa It r*ach*a 1.90. 

Tab!* 2 - «Slavs for Oeveral Pbyaical Cbaalcal 
Cbaraetarlatlca of *o*d*rs 

Characteristic For Pyro- 
sylla Poaaar a 

For lltro- 
glycarla 

Calorific vala* Q, cal/kg (*st*r la 
vsporoaa a tat«) 

»00-606 1100-190« 

Volvo* of gaa*e »1#  do3/*« (vat*r ia 
raporoua atat*) »00-970 000-600 

Toapvratur* of coabuatloa Tj,  °K 3600-2500 3000-9500 



'*. "#;• 

Taalo S - (Coat'a.) 

Caaractorftatlc« Par Pjrro- 
rylia PowO«ra 

Par *ltro~ 
glrcorla 

Caataat of volatile oabataacoa I, % 

Ooaalty of poaOar  J,  kg/*»* 

a.0-7.a 

l.M-l.M 

... 

l.ca-i.M     i 

Tho faaoaa Baaaiaa gaapowoor apoclallat O.P.  Eaanmaakll  <«1«4 

la ltaS) aabalttoi ta« follovlag «apirlcal  foraalaa for tho fuatfaaaatal 

payalcal-cboaUcal aa« balllatic charactvrlatlce of pyroxylin povoora 

(• • altrogoa coat«at la porcoat): 

5/3 
»j  -  1515 - 4t.73»;       T° - »73  * 34.7« 

Calculation« baaod oa tbooo  foraalaa glv«  th«  following valaoa 

for V|  aa* Ti  (tahl« 3): 

Tablo 3 

a. 1 11 ia 13 14 

•l •7» §31 •as •33 

'l° 3165 34 »a V, 50 309« 

Darlag roeoat yoara lav««tlgatloaa «or« coaoacto« to tfotomlao 

th« oiporlaaatal aapoaaaac« of tao faadaaoatal physic«l-ch«aical 

characteristic« 9, »j aatf T| oa tao coapoaltloa of th« povaor. 

Par oar aooaor«,   thoao 0»poaOoaelaa ooro «abaltt«« by I*etar«r 

V.O.  faoklola (1»43). 

If ax» «oeigaat« tho porcoatago coat«at of altrog«a la pyroaylla 

aa n, «aa corr«epoa41agly oaalgaat« tho coatoat of aitroglycarla la 

guapovOor aa a,  «hll? oaalgaatlag eoatrallt«  (dl-«thyl-41-ph«ayl-«roa) 

r-w-7»a7-«a it 



aa «, 4l-katvl-a*tkalofta aa 4. nNim aa •, wpinbU volatlloa 

aa fc, tiMfinUi valatllaa aa k', Ol-paoayl-aaiaa •• a, caopkor 

•• 4 »a4 grapklto •• «,   tk«i tka ftmlu af «tkltlt »ill jrlalO: 

4» - 730 • 140 » (• -  11.•)  4 t.41 • . 90.4 e - 14.3 4 - 37.t*^ 

13.« h - 34.7 k'   . 31.9 a - 33.§4 - «3.0 «, 

vkar* 730 rapraaaata tka koat af asplaalva aacaaooaitioa af 

pyroxrlla kavlag • aitrogoa coataat af 11.OS. 

mx  . 944 - 47.3 <• -  11.0)  - 3.40a • 14c • 130 • 33» • 3.4k • 

•  14.9h'   +  14.4a  • 17.4 4+  10g. 

«kor« 944 raproaaata tka valaaa af gaaoa formlag Oarlag tk* 

coabvatioa af prraxylia kaviag • aitragaa eaataak af 11.01. 

T!°K - 3790O • 37»  (I -   11.4)  + S3 «-71 c-99 4-100 »-54  fc- 

-03 k'-OO a-98t-18ag- 

«kara 3790* corraapaaoa to tka tooparatara af tka asplaalva 

awcoapaottloa of pjrroxylia kaviag a altro#aa coataat af 11.0%. 

o.   9AU.I071C poomriu or amrrnmm 
tamatte propartlaa af gvapovaar la tka tara appllaO to valoaa 

•ovoralag tk« aazlaaa praaaara p, af poaOar gaaaa aa4 to tka rato af 

praaaaro iacroaaa A- oarlag caokaatlaa af tka paaaar laaloa a 

eoaatsat opac«. 

Oaa of tkaa aapaaoa aa tka aatara af tka paaaar, aa« la ralataO 

ky a aaflait« pattara to tka lattar*a pkjralcal-ckaaical ckaraatarlatica. 

Tk* othora ara gov*ra*4 ky tka gaaaatrlcal «ata af tka poaaar gralaa 
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Hag taa ckarg«. 

•alllatlc praparttaa dapaadaat ca ta« Mtir« af tka 

dataraiaad aaparlaaatallv tkraagk coabuatloa laalda a aai 

r ara 

trie 

la tka caakaatlaa of paadar la tka «or« darlag a dlackarg», 

tka praaaara of  ta« gaaaa aad tka rata of lta rarlatloa dapaaa» 

•at aaly oa taa caaractarlatlca of taa povaar,  ant alaa aa aaaaral 

•tkar «alaaa aad paraaatara ralatad to ta« daalga af taa aara af taa 

gaa aad project11«, aad ckaractarlalag ta* «atlr« artlllary arataa 

Cfor azaapl« a,,   »d>.    Taoao ralwaa «ay aa  toraod taa aalliatic 

caaractarlatlca of taa gas aa* projoctila. 

Far ta« ttao »»iag,  oaly a abort daflaltloa of aalliatic prapartl« 

«111 aa praaaatad at  thla placa.    A aora dotailad dlacaaalaa af 

tfcaaa arapartlaa will bo gtvoa latar,   la ta« chapter oa prraatatlca. 

Taa «gaargy-f af taa paadar raproaoata ta« work «fetch taa 

caa parfora darla« taa coakvatloo of  1 a« of povaar,   tf «a 

act t tfcaaa gaaaa up to ta« taaparatwr« T.° aad paralt taa* to 

«xpaad at caaataat ataeapaarlc pr«i 

Tfela work dapaada aa ta« «pacific rolaaa of gaaaa aad taa 

taaparatura of taa aaploalvo d«co«po«ltloa of povdar.     It la 

aapraa—d  la kg-a/kg 

'•""l" Tt, 173     -»' 

«,_ - 1.039 ka/ca    aad rapraaaata ataoapaorlc pi 

«j la tka apaclflc «alaaa af gaaaa at 0°C aad ataaapfcarlc 

;  aad 

T,  la tka taaparatura of «xploalva dacoapoaltloa (coakaatlaa) «f 
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by aoalfylag tto prop« rt la« of tto 

«2 aae T.,  It 1« poaeibl« to a la* iae 

ir la • aaaaor lacroaelag 

tto «MrfT af tto povtor. 

Tto t«ra "aaargy" appear* to to a sort of historical eerviral, 

as« «ft«* aot traly «ofia* tto aeeeet off «orb.    vtmr,  else* it 

Ms to»« ealstalaee la tolllfttlca, «e atoll coatla*« to «oo It 1» 

o«r trofttlo». 

OoTolae» a la oft /Eg.  I ft tto proeoaco of great rnmrti, eech 

»• eovelop Is tto eootostloa of peoaOr la toata aae eeapoae,  gss 

osaeitl«« toco— oo greet that tto gaoooeo aol«cwlee by tto—IT»» 

occupy • liberally algalficeet part of tto apaco la which tto 

coatoatloa occur*.     la physic«,   this la esplalae* by tto  latroevctloa 

of a raluo, proportloaal  to th* roleee off gee aolecwlee •aft eeeal 

to tto ma of voluaoa of epher«« off iaflooaco of «ach eolectile,   la 

th« eeeatlo* for tto «tat« of tto aggregatloa of gaaoa.    vaa-eftr- 

•aal« aoaaaeo that tto voleee of ttoao opboroa of laf la«ac« la «feel 

to th« oftftarapllcatoa voleee of tto eoleealee tb«aeelve«. 

This rale« la callee th« "covolaao."    It la «pacific for a glvee 

typo of peeeftr,  proportloaal to tto voleee of gae aol«e«l«a,  aatf 

oavrtft lafloftftco oa tto velee for proaaar*. 

f« till a«eee* that covoleMO Is • voleee proportloaal  to tho 

voleee of aelecelee of gaeea foreleg eerlag tto coatoatloa of 1 kg 

of poveer.     (It 1« oaproeaeo la eaVbg«) 

Tto ratio of tto eoveleee off a glvee gaa to lta volaaa at o*c 

a a« at a praaaaro off TtO «a, a:*j, variee vlthla aarroo Halte far 

verloee gaa««.    Basely; 

m 
•'3 
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»0 that a — 0.001 »l. 

la « - S.7/» '  , 

aitrofwa 0.0013a» 

•»thaae 0.001001 

Oxrgva 0.000000 

IjrOrog*« 0.000007 

Carhoa Oioslo» 0.« 

klly   It   is  «M 

Ki——kit gar« for prrosylla powowro th« fe 

1.*., a - 0.00100 v1. 

(rants writ«« la hlo «t«4jr £~2_J:   "I* all proaaailltjr,   tho 

aajoatawat  froa voluaw  to covolaao  la  aot a coaataat valao,   oat 

a faactioa of tba volaao.     Ta« coaaoaly accept«* propoaltloa that 

a - 0.001  «j  coaatitetoa aa approzlaatloa,   with tho «rror lacroaa! ag 

for aa  lacroaa« of proaaar«.     It la aoat exp««i«at aaO aeearat« to 

accoopllah a «wtvralaatioa of  th« covolaao oa th« beela of proaaar« 

•aaoaro—ata." 

laforaatloa gala««  la r«c«at  r«ara provides  ta«  foaaiatioa for 

to» aaowaptloa that ta« covolaa« hecoaea smeller with aa lacroaa« 
a of th«  prooaar« of gaaaa above  10,000 «g/ca  .     Th« covolaao aay a* 

eoaoiOOr«« aa A coaataat vale«,   uaoor aoraal coaaltloao aa« 

preoowres ap to «vOO a«/««*. 

•at« of poveor coobootioa «j at a  proaaar« p -  1.     Oiallarlr 

to f sad a,   this vale«  la a eOrlvstiv« of th« phya leal-oho» teal 

properties of poweere.     Varieties« of  tho cheoical coopoeitloe of 

ta« soeoor are refleetee very etroaglr la tao valao for tho rote 

of eoooootioa.    for leoteace,  tho rat« of coebaetloa «j for 

aitroglvcerle powoora peeoeooea vsluee  froa 0.070 to 0.100 oo/eec 

at p - 1 kc/ca ,  eepeeelea; aaialr oa th« contest of sltroglyeeria. 
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Taa ntt af wtiMtUi a.  for pyrosylla 

nlM« fro* 0.000 to «.MO M/MC at p - 1 kf/ea*, dapaadlaf aa 

tho oaatoat at volatile aaaataaeea. 

la taa eoaaaatioa of povder altala a caaataat apace,   the eaargj 

f aad taa eeralsa* « asart taf laaaca aa taa valee af taa preaaare 

aad aa taa rata af tta lataaalflcatlaa.    Taa rata of coaeeatlea aj 

iaflaaacaa oalr taa rata of preaaare laeraaaa. 

Taa rale* a^ of taa rata of eoaaaatioa, ahoa related to taa 

preoeer* p « 1 aaa a ceapoaad aagaltade da/eae;   kg/da*. 

All thee* eaaractarlatlc t,  a aad »i deeead apoa the aatare of 

taa 

Taele 4 - Valeea f,  a mad Bj for Tarleea Poadara 

f  la kgda/k« 
(X 

la da3/k« «j   la da/aac:  ««/da* 

Pyrosylla 
poadcira 770,0OO-»90,000 o.ao-i.i 0.OOOOOdO-0.00000*0 

•ltroglyeorla 
POO,00«.1.P00,000 0.75-O.tS 0.0000070-0.0000190 

Black pevdere at».000-300,ooo ~0.S ___ 

Taa laat hallletlc eaaractarlatlc dapaada apoa th* eaoaatrlcal 

data af taa paadar.    Tkla eaaractarlatlc la taa "Dleaeeloaa aad fora* 

of paadar gralaa,  aad tta ralatod "apeclfic aarfaca of tha paadar," 

taa ratla af taa taltlal aarfaca af taa paadar to ita volaaa.    Taa 

prlaclpl* af faa foraatloa aad taa rata of proaaara laeraaaa la tha 

eoaaaatioa of paadar dapaad apoa taeae valaea. 

Cklef lapertsace la attrlaated to taa aaallaat dlaeaalos,  taa 

thlckaeoe of taa atrip or tha aall.    Bacaaee tha eoaaaatioa af taa 
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ir grata <atrip,  taka) aecara ffraa taa alaaa, taa tat« 

la aaaally <NifMt«4 toy Saj (•1 aarraaaaaalag ta taa halt off taa 

tklckaaaa vklak baraa la aaa alractiaa). 

apart fraa tka aaliiatic ckaractariatlca at taa paiaar,  taa 

«aaalty aff laaalag A alao affacta tka valaa aa* aaaractar aff tka 

praaaara tacraaaa.  It la a ckaractariatic af taa aaadltlaaa af 

ekargiag*    *** aaaaity aff laaatag rapraaaata taa ratla af aaigkt 

•»•f charga ta taa volaaa WÄ,  ta «kick taa eaaaaatiaa aff taa 

tahaa pUca: 

W#,  ta «kick tka 

A - JäL-   kg/aa3. 

la tkta aeaoe.   If ve fill  tka aatlr« apec« Wfl witk povear, 

tkaa tk« aaaaity of  loa*ia« will kocoo* a graaiaatric aaaaity. 

Ta« gaylaatrlc aaaaity ekaraetorisea tka degree af coapectaeee 

• f tka charm*.    At a give» aaaaity **of povear,     It will aa 

greater for a flae poaaar vltk reoeaag eegea aaa laaa far • 

reetaagvlar graia vltk pretratiag eagae.     la tkla eeaaactiea, 

for laataace,  a gramilar povear witk eevea kalaa prove* to aa 

aero "mltikU for packagiag" tkaa tko atrip type poaaar.    By 

tka aaaa taaaa,  a akall for a flaia aaa «ill koaaa liat kg af 

atrip poaaar,  •aa' op to 13M kg off tko poaaar gralaa keviag aavaa 

kolaa. 

la tkla aaaaar,  *a kave foar aaliiatic ekaraetariatlca:  tka 

eaergy ff,   tka covoleae a,  tka rata off eaaaaatiaa ej at p • 1,  tko 

«taaaalaaa aa« fara of taa pewter,  aaa tka ekaraatarlatlc af 

taa aaargiagcaaagitiaaa,   tka deaaity 4 of loaeiag. 

P<Tg-7Sa7-tl 34 



•jMKär- 

Vita a flm poooooltloo «ff UM oootfor, oo caa rtfl»UU tao 

•f »flWIlf  lMNIM  Oa4   tlM  00*01tOOO Of   UM  »WWW 

»F *aryla«4.   tl» UMMIOM aa* tao fora of aootfor.    TW iiHMl 

ton of ooo«oro oro varloo1 IMIKM it li —cry la oaea 

ta ooloct  tao «looaoloao of too ooooor aa4 tao oolgat of too 

caargo for too coa,  ta oraor to ootala too rooalrotf aaaalo voloclt? 

•f too »rojoctilo,   aaoor coatltioao la which too proaooro olll 

aot »IMH a ft woo fliotf voloo govoraoo by tho otroastb of too 

aarrol «all. 

Too balliotic characteristic* olll bo dlacaao«* la groator 

4*tall   la Soctioa   II. 
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&$asEZX.\i*ägfiSKSttmmZ:- 

IICTIOI   TWO 
• •••BAI.    MIMTlf ICI 

A 1 I C    IIUTIOII    Alt    rillCIHII 
or  «AS  voinrioi  Mim  T • t coiiiiTioi   or   r or»•t   i i   A 

COIITIIT  • r A c s 

I - nor or 

rjrroetatlee laveetlgate the coaheatloa of gaapoveer la a 

coaataat apace.    It la OM of the feaaaaeatal hraachee of la tar lor 

ball tatlea.     a realliarlty with it ta aeeeeeery for a clear 

coepreheaelOB of pheeeaeaa occarrlag earl a* a gaa Aiecharge. 

Tba ceatheetloa of poweer la laveetlgatee la thla eoaaactioa 

«aoar aiaollfloA (atatlc) coaeittoaa, where too aetioa of the 

project 11a la 41 are fare**,   tao earlatloao of volaaw a* aot exlet, 

aatf gaeee eo aot perfora exterior aechaalcal work.    The aechaalcal 

work of tao gaeee coaalata of a eartala preeeere,  which tee valla 

of the epace la «hick the coahaatlaa tehee place are eehJecteA to 

froa vlthla. 

Oa the haale of the experlaeatal lareetlgatloa of the eevelopawet 

of the preeeere of the gaeea earlag a eeahaatloa of powder elthla a 

coaataat apace, prroetatlco fore, the theory of poweer coahaatlaa 

aao eetahllah prlaeiplea of feraetlee for ea**a eeetalals* the exert? 

which la expeeAed for the perfereaace «f varioee exterior feactloa» 

eaeer the coedltioae of a gwa dlecaarfe. 

la thla eoaaactioa,   laveetlcatlea la eaee of the laflaeace of 

phyelcxl-chealcal propertlee of powder, of halliatlc chxracterletice 
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a a« coaaUtloaa of chart-la« oa tba aavalopooat aa* pro aa— of 

Tba latter la la ltaolf a vary laportaat factor, affactla« too rato 

of foroattoa af.aa.aaa. 

Pyraotatleo araaaata too aataooalo«y of too aal Hat la aaalyola 

of «aa aoioara.  l.a.,  tba aatboaolo«y for aotaralala« tbo balllatlc 

charactertatlea of tba paooar. 

Imm taa balllatlc cbaractarlatlca of a aaoaar «a* tao 

prlaclpiae af Ita eoaboatloa la a coaataat apace at a «laea procaaa 

of praeeere.  It la poaaibla to acceaat for taa prlaclpiae of gaa 

fonaatlea aa* proaaare eavelopaaat aaeer tao aaoa aora coo» 1 lea too 

coaOltloaa of * alacharce,  with aa occarraaca of prejactlla aotloa 

(pyroayaaalca),  aaa a varlatloa of taa  volaao aa« aarforeaace of 

oatarlor faactloaa by taa «aaaa. 

la  taia aaaaar,  pyroetatlca offara a aoorco of kaoelee«e aaa 

faaeaaeatal oat a aacaaaary for a coeprebaaeloa aaa ataay of tao 

aora coaplicatae phoaoaoaa aocarrlaj aorta« a etacbareo. 

laotraaoata la ablch tao prlaclplea of aaa foraatloa «aria« a 

ceebeetlaa of aaaaar la a eoaataat apaca ara lavaatlaate«,  ara 

called aaaoaotrlc boabe.     la vlav of tao fact that la tho eoaroa 

of taa oahooajaaat «spoolttaa of pyroatatiee It will ho aacaaaary 

to taha aaparlaoatal oatorlala aa a baala,  a eeecrlptlea af taa 

eeat«a of taa aoot typical aaaoeatrlc boob la lacleeoe aora for 

taa parpooa of laaala« clarity to autaaoata aa obtalala« oach 

•atarlal. 

Tbo aaaoaotrlc baa* la a laboratory laatnaaaat earvla« for 

tba perpeee of eetaralala« taa aa«altaeo aa« cbaraator of taa 

lacroaao of praaoara eavelepe« by «aaaa foraa« oarla« taa 

eoabaatloa af feapeeeer or asploalvaa taotea a coaataat aacloaaO 
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•pa«**    «klag It pooolkl» to *UnlM all to 11 tatlc ckaractorlatlca 

of gaagialir,  (aaorgy of tko pmm4mr,  covolaao of tka povoor gaaaa, 

oaratloa of eaakaatloa aa* tta rat«,  aa «all aa aovoral otkor 

ekaractoriotleo),   tko aaaaootrlc kook at UM proaoat tlaa coaotttatoo 

oaa af tko faaaaooatal iaatraaaata of aa latarlar aal Hat tea aa* 

»r laaaratory. 

» for tko la 
Oaakaattoa 

ttgatloa of Pig.  5 - aaaoawtrlc 

Vp to tb* proaoat ttaa,   tao P»l hook,  ooelgao* ta tao ISM'a 

appoara to so ta« soot »l*»lp aao*.     la tkla koak,   tao proaoaro ta 

*etorolao* fro» tao coaproooloa flgaro of a copper cyllaoOr, 

call«* "croaker."     (Bagllak »or* "eraek" aoaao to creek or eoaareea.) 

Tao hook (fig.   5) oaaatata of a «yltaoOr k,  ae*e of klgfc-graoO 

atool,  «kick kaa a acroo tkrea* la oack ea* of tta taaor aarfaco. 

Tko lgolter cap • ta ocraoe* ta at oao ea*,  oktla tka cap C vttb 

tao craakor aaaoaotor ia ecreoe* lato tko otkor ea«.     la tko tgaltor 

cap»  tfcoro ta aa laeelate« re* »kick «oaoocta tka aloctrtc carroat 

lgaltlag tko feae,  »kilo a aeeea* ooaoactor ta coaaecte* «tractly 

to tko ketfp of tko kaak.    k tfcia »lro coaaocta tka potato c aa* c', 

aai paaaoa tkroafk a oka11 aaoa af ttaaaa papar »kick coatalaa a 

gleea aoooat of lgattor (prresrlle, klack povoor).    Tkta »lro la 

1 gal to* ajr tka carroat. 
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TW ««4 p aovee withla the sect sf the iwitw «as C, aad 

traasalta the pressere of the powder gaaoa to the erwlMr eel« 

k.    The latter 1« aade of electrolytic —ffr.    Its other ead 

ia placed agalaat the bead of a acreead-ia »lag «Hieb aorta« ao 

aa aavll.    A aaall ecateriag rubber rlag a ia placed oa tao crasher 

to obtala coiaeieoace of ita aala with .teat «f tao red.    Tao head 

of tao red r, adjaeeat to tao eraaaar,  aaa aa oatwerdly pretrediag 

exteaeiea r' which aovee la a lateral gelde olot la tao heed of 

to» rod cap.    A light atool aaa poiat a la faateeed to tao 

exteaeloa.     It register* the travel of tao rod aa a faoetloa of 

tlao oa cached paper gleed to the area of tao chroeegraph. 

Tao copper obtwratiag Mage,  d,  d,  eerve to preveat  the eecape 

of gaaoa betveea  the walla of  the booth aaa tba screwed-la capo, 

while the porttoa of the duct e which berdere with the roe la filled 

ap with a aaatlc to protect tbs rod froa the laaedlate effecto of 

high toaperatare gaaoa. 

The booh • la faatwaod la a opoclal claap ft eear the draa 1 

(fig. •),   la order for the pea poiat to toocb the eaobed paper 

oely  lightly,  aad whoa the draa revolvee,   to aark oa the latter 

a  thla atraight llae parallel to the base of too cyliader  (aa oa 

fig.   7). 

The taalag ferk I la located oa the other aide of the draa 1. 

It ia caeeed to vibrato by the opeal eg aad cleeleg af eloctrooagaete 

e,t,  which attract the arao of the taaiag fork.    A thla pea palat 

I la  faeteaed to oae of the latter*o arao,  record!ag ita ooelllatioaa 

oa the aaaa aaaked atrip of paper. 
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Prlar f  tba aaparlaaat, tba 4rw of tba chraaagraph is pat 

Aata rapt* ratatlaa by aaaaa of •• alactrlc aatar M ar a tlaa 

aaabaalaa. «baa tba ratatlaa bacoaaa walfora, tba carraat la 

«araa* a« aag baraa taa »tra galag throagh taa faaa. Taa faaa 

ltaalf lgaltaa taa charga af poaaar locatog la tho 

Fla. • Wit.  7 - Caraa af taa 
Coaproaaioa of taa Cnaahar la taa 

praaaara pragacag garlag tba eoabaatloa of  tho poaaar gaaaa 

la traasalttag throagh taa rog to taa cruabar, coapraaaaa It,  aag 

taa aaa palat af taa rog plota taa coopraaaloa earva aa (fig.  7) la 

aacargaaca altb taa proaaaa of praaaara  lacraaa*.    aftar taa aaa af 

taa eoabaatloa aaa taa attalaaaat of aasiaaui praaaara,   taa r©4 «tops, 

aa4 taa aaa palat graaa a atralght  11a* bb parallal to taa ialtlal 

ltaa.    Sara,  taa ilataaea bataaaa both of tboa« straight  11aaa la 

aajaal ta tho fall coapraaalaa af tba craabar. 

•lajaltaaaaaaly altb tba taralag aa af th* carraat,   tba vibratlag 

taalag farfe la placag aaar tba graa for a ahart par log of tlaa by 

tba at* of aa aataaatlc haalaa,  aag its pas palat'  graa* a «a 

Ilk* aaraa "aiaa earaa" abaat tba eaatar llaa.    Bacaaaa tba aaabar 

af taalag fork oaclllatloao par —com4 la alraaay kaoaa,  aag kavlag 

aaaaarag tba laagtb af aaa aava by aaaaa of a comparator •lcraacapa, 
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oo CM ootoroloo •• CM clrcooforooco of too Arm tbo loogtb 

corroopooolof to 0.001 MMU at a flvoo ••••0 of oroa rototloo. 

IB tbio vajr v« obtala • tlao ocalo for aoooorlof too croobor 

cof ro—too «arvo. 

Aftor cooplotloa of too toot,  too popor *lth too oloooolsal 

corvo aoo too cmobor cooproool.oo corvo to tokoo off aao cooto* 

with lacooar.    Aftor too orylof proeooo,  too corvo io 000001*0 

ooOor a cooporotor alcreocopo. 

To« pattora of too curvo «oO of too olooooid lo ohova lo 

fig.  7. 

Aftor aaaaorlaf  too coaproooioa corvo obtalaoO at a*1table tlao 

latorvolo,   too cooprooaloa of too craobor lo OotoralaoO ao a foactloa 

of tlao. 

TO*a,   Ui flvoa toat,   too Oopoooooco of poooor gao proaaaro 

laeroaao oa tloo (corvo p aa a  faactloa of t)   lo obtalooo oo too 

boolo of too OopooOooco of croobor coaproooioa oo too aagaltooo 

of tao  prooooro,   too  lottor bavlag booo proviosaly ootoroloo«' 

oaporlooatally la a prooo. 

Io tola oay oo caa ootoroloo oot ooly too aaxloua prooooro 

Oovolopotf by too gaooa of a charge of flvoa eolgbt (for o flvoa 

•ooolty of loo«lag),   bot aloo too prooooro locroooo rolatlvoly to 

tloo.    That lo,  jaot tbooo volooo vhlcb OopooO oo tbo balllatlc 

eharoctorlotlco of o goapoveOr. 

Coooooooatly,  If oo boo* tbo eoootloeo relatleg tbo balllatlc 

cbaroctorlotlca to too la* of gam prooooro locroooo,  aoO boo' tbo 

boob toot data for ooy flvoa poooor,  vo coolO ootoroloo  tho ooaorlcal 

volooo of lto balllotlc cbaractoriotlco. 
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la pyraatatlea,  ralatlaaaalpa art alao >•••• fcrtnw ta* 

aalllatic characteristic« of a p**a«r,   taa oaaaltlaa af MM taat 

«•4  t«at aata ••t*la«4. 

Ivaa a**,  taa aaaaaatrlc aoo« foraa taa basic apparataa af 

pyraatatlea.    avaatlaaa aa alaatlc aaaoawtar la aaaa la plass af 

tba crwahsr cap. 

Tba pravlaaaly aaatloaad cylladrlcal craaaar baa« a ta ooapraaa 

aas raglataraa tba lacraaa« of praaaara at appraalaataly 30* ag/ea*. 

Tba  laltlal aaaaa af pavsar coabaatloa raaalaaa aaeaplaras. 

la oraar ta aatala taa «atira law of praaaar« lacraaa« froa 

tba  basjlaalas; of igaltlca to ta« «a« of tba total  caabaatloa af 

taa  povsar, oaa eaa aa« a craaaar abapa« ao that,  haaias; a la* 

raalataaea at la« praaaaraa la ta« flrat «aaaaa of taa eaaaaatlaa 

procaaa,   it grasaally lacraaa«« la r*«l«taae« aa taa pi 

iacraaaaa. 

The coaical crasbar Saralope« by th« aether la 1PS3, 

toy aachialec a part af a cyllasrlcal craaaar lato a aaaa, 

that property.    Thie tjrp« of craaaar reglatere praaaaraa froa • to 7 

ap to MOO kc/ca .     I« thia «ay,   it parait« aat aaly ta« iaeeetigatioi 

af povear coabaatloa froa tba vary bagiaalag to It« «aa,  aat alao 

a ate«y of ta« beralas; of ta« igalter ltaalf aaa ta« procaaa of 

pavaar lgaltiaa. 

Taa coaical craaaar «aa «Italy applia« la aar caaatry la 

laboratory taata af povear eaaaaatlaa, aa «all aa la «eteraieatlee* 

af taa lo» praaaaraa af povear aaaaa la taata aaaaaataa aa taa 

flriaf raage. 
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at tba pa—a at tlao,  plaaaoloctrlc aaaoaotara baaac •• MM 

acbltaaaaata l« alactratacbaalogy aa* raalotaebaology ara alaa 

•till,  tba aala aapact of tba baalaaaa raaolaa tbaa:  tba procaaa 

•f praaaara lacraaaa la raglataroO ay eaa er aaotber aetbeg.    Tbaa, 

rlag obat type «f peeeor mm «oal eltb ui taa ceaetttleea of lta 

itlaa, ea taa baale of taa preaaere iacreaee,  *a eaa «eterolee 

taa rat« af («a foraatloa aa« lta eepeeeoace os varloee factara. 

3.     PBIPCIPal. MAAS OT COeaVSTIOa 

la taa coabaatloa of poeeOr aa eaa gletlagaleb taa felloaleg 

tliraa abaaee. 

lgaltloa of taa poeoer.   la ereer for the poeeOr to baeoaa 

lgalteO,   It aaat ba beateg ap la each • aaaaar aa to obtala,  at 

aajr glaea polet of taa charge,  a teoperatare higher tbaa lta 

lgaltloa teoperatare.    Taa lgaltloa of aaokalaaa poeeOr oecaro 

at a taaaaratar« of aboat 20t*C     Black poveer ait» aa lgaltloa 

t—goratere of  taa ereer of 30O°C,  however,   lgattea aa* beraa aaro 

elgoreaaly.     After tba poeaOr la Igelte«,  avaa thoegh oely at 

•aa eeiat,   tba coabaatloa raaetioa proceede by itaalf aa a raaalt 

of tba boat ealtte« la tba coabaatloa of tba poeear.    Too aroaaaaaa 

tab* place alaaltaaaoaaly:  lgaltloa of tba powder,   aad tba coabaatloa 

I. i 

lgaltloa la tba proceee of tba propagatloa of tba coabaatloa 

reactlea ewer tba aarfaca af taa powder grala. 

itlaa la tba procaaa of tba propagatlaa of tba raaetioa 

lato tba latarior of tba powder grata. 

Taa above taa procoaaea 41ffar oaa froa tba otbar. Tba figaroa 

characterlaleg tbaa aa* ralatlag to tba rataa of lgaltloa aa* 
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itlea af eaeheleee aM Mack mür» are lleteg belov,  la 

Tabla f. 

3.     OMaWtTIO« Of IKMBRt AT AT—«C I ••••»• 

»lac* evoare. After tk« lgaltlea of alack eoeeere ia the »pea 

air aaa) at «ay glrea polat,   taa flaaa eproaaa vary rapidly la all 

directieae ever taa earface.    Thea taa era la oeatleeea ta bara 

fraa all eldea,  by eaacaatrlc layera teverd taa eaatar af taa 

grata,     la eceerdaac» with taa experlaeate aff Maker,   lgaltloa 

la ldeetlcal grain» »ill occar taa alaaar,  taa aara carefally 

taa  gralaa ara pollahad,   taa gr»at»r- taa doeeity of  ta« po»der, 

aag taa laaa beraed la taa charcoal eeed far taa aaawfactara of 

taa pevdar. 

Ia taa epea air,   taa epeed of lgaltloa af alack aovaar placed 

la taa  fora of a patb orar corrugated lroa varlee froa 1 to 3 

a/aec,   cepoedlag apoa ta« clrcaaataaeaa. 

Taa rata of coabuatloa af black peadare la aaaa air aaa detemtaed 

la esperleaeta ay lgaltlag povder deaolltlee blocka,  »lth taa lateral 

aarfaea core re* ay greaae.     It proved that taa rate of coabeetloe, 

or taa epeed of the traaaalaaloa of the flaaa freei layer to layer, 

aaaa aat depead aaaa the croea-eectloeal area of the aara lag alack, 

eat that the eaeeda of coahaatloa are laveraely propertloaal to the 

deaelty of the hlecka.     It vaa proved that far aa laaatleal coaeeeltloa 

of the aovaar aaaa,  breve charcoal radecca the rata af coahaatloa,  aaa 

the rata of coahaatloa la levered »lth aa laereaaa af povder beaudity. 

Taa rata af coahaatloa of black pevdar la aaaa air la aa the 

average «rowed 9.01 a/aec - 10 aai/ace.,   I.e.,  aaay tlaaa leaa thaa 
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tos rat« of igaltiaa. 

•aosolaas Hi»» lgalt« «ft« bura la tb« «p«a air oaasisOrablr 

sl«awr tbaa tba »lack awiin. 

If *o fast«« a «trip of pyroxylin povaor  (or a «tick «f altroglycorio 

povtsr) vertically tat lgalt« aa appsr corner of it,  tb« strip «111 

bara calalj with a y«ll«vi«b flas»,  «all« tb« propagation of flsjsM 

•vtr ts* sarfae« of tk« strip sill »rocsss coaparatlvoly slovly. 

Is »4411los to tbl«,   tks baraiag grains «ill fora a» aagl« «o«s 

tla« aft«r tk* bsgisalsg of tk« coabaatloa.    Tfcia aagl« «ill roaoia 

coastaat  to tho «as of tko coabuetloa  (figs.   •« an« b).     Tbo aagaltatfe 

of tblo aaglo aojpaaaa os tk«  ratio of  tk« coabvstloa rat« of pevOnr 

to tks  rat« of  ignition. 

Aasas*  that tk« rat« of coabuatlon *«ual« a,   tk« rat« of lgaitioa 

a',   vkll« «•>«. 

If *•  lgalt« a strip of povoar at os« coraar  (at  tk« pol at a), 

tksa it «ill barn laaioo at tk« rat« u,   an« oa tk« sarfac« at tk« rat« a', 

far various latorvala «f  tin*,    assua« u'  - a«.     Tb«a tk« strip «ill 

bar« sagnastlal  baraiag sarfacas of tb«  typ« abova la fig.  a,   i.«., 

1-1-1;  1-a-a;...;&-5-5; €-4-4.     aoglsalsg »ltb tb« sarfac« •>•>*, 

tbs aagl« at tb« top aaiatalaa its aagaituo« aas «««als too tlaoe 

<c«« - «=*f • 
Pa«,   tb« ratio of ratoa ia u/s* - als <f.     la tbla aanasr,  baviag 

awaamre«' tb« aagl«<f, *• caa «at «rain« b«v aaay tias« tk« rat« «f 

lgaitioa la largar tkaa tb« rat« of coabwatloa.     It is of iotorsst 

t« sot« tkat aftsr rsacbiag tb« coastaat aaglo (aarfao« a-»-»),tks 

fnrtbvr akort«siag of tbo strip proc«««a ia «alt tlao sot at a 

(rat« of r—bastl««),  sat at a'  (rat« of lgaitioa).    Tb«r«f«r«,  aotiag 
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•JÄSET- 

«to tlae for tto total poohoatloo Ki etick ef A givea loagta, ee 

CAB OJttnlM tto rat« of igaltlea tot aot of coatostlea. 

Tto rato of eoatoetiea of aaotolooo peeeere la opoa air to 

atoat 1 aavW.,  i.e, elgalficaatly lato ttoa la tto eaaa of alack 

Tto rato of igaltlea ia too to three tiaoo greater. Therefore, 

«he atrip heraa la air for a eefflcleatl» leaf tiae.    •reever,  if 

ee toa« ep tto eatlre oarface of tto ctrlp at eee tiae, eo ttot 

it eill igaite aleoltaaoooaly (for laataace hr caetlag a atrip ef 

peoeor lato tae flaaeo of a aoltlag ever),   thaa tfca «atlre eorfaee 

of the atri» vill torat al—ltaaceaaly lato flaaeo,  aac tee peweer 

will ha co—Mi rapicly,  hoeaaee it ie taia. 

Takle • - late of Igaltlea aac Oeatoatiea 
Poooar la Opoa Air 

ef 

toapeoeer •lack toetoleea 

•ate ef igaltlea e* aa/eec 

lato ef eeotoatloa a aa/eec 

1000 3000 

10 

1-S 

1-1 

If larger evaatitiee of aaatoleaa poooar are igeltet,  lealvleeal 

otrlpe aaO gralae are carr too-ever aa a reoalt of the feraatiea of a 

larger eeaatlty ef gaeeo aaC ear he prejectec a certaia Cietaace, 

ehile tehee hwralag ever their laterier eerface tocoae coaoarahle to 

rectoto, cat fly at a klgher velocity la varieaa Clrectieao,  eoaetiaee 

esrleeiag to tae accoapaaiaoat ef a pierciag eeeae. 
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»«.^a^üÄS1. 

Flg. • - Coskostles of • Strip »f »wtw 1» tko Of«« Air 

1)    Prost vle«; t)    sloe vle». 

4.     COMMIT 10» AT A I Ml—M UBI TIAI AT—f MC 

TW first okaorvatioae aa« «xperl&j>ata «ere coeeacteo' wit» 

»lack povoor.    Taay kava akovn tkat povoor karaa lass vigorously Is 

•rar«f 1*4 ataospkoro oa high sovatalas tkae at the foot of too 

•aas •»«stales.    Issorlsoata oa tbo cookaetloa of povoor faaoa at 

varloae altltaeos an« at varloua kerooetrle presmre* verifies 

tftle eoaeeptlos.    Tkeee oxporlsosts ratals tkelr elgslflessee eves 

at tk* yreeeat tlao,  kecaaae tko cookaetloa of poeeer Is tlao 

faaoa,   earlee: aatlalrcrsft firlag at aorlal targots,   takes plaea 

•eck slosor tkaa Is flat trajectory flrlagr. 

9.     COSMSTIO*  IS A fACVWM 

Tk« slgalfleases of prassaro kocosos oroa aoro closrly «vleoot 

Is tko evoat of groat rarofactloa.   It oas proves toy esperlaoato 

tkat If tko passer Is place* la a vacaaa «seer tko soil of aa air 

IMS«»,  It «111 essylstoly fall to lga&t«,  ragareloso of krlaal«f « 

late> contact «ltk a ras kot «Ire. 

A platless eoatalaar fllleS «ltk klack povoor «ss keeto* satll 
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v4,  ia • graatly rarafia* itmHiw aaaar tka toll af «a air 

aftar aoa» tiaa paaaai»  taa povaar aagaa f aara alaaly. 

»rar it 41« aat asploa», aa la taa opaa air.     Iff a platlaaa 

air» ia caaaactaa: tkraagk taa paaaar aaa k»at»4 ap,  tka gralaa 

aarraaaalag ii will aagia ta aalt; aaaarar,  caaaaatlaa »111 aat 

aaaaaaea laanfiataly.    If taa a»atiag «a ia aaatiaaaa',  tkaa gralaa 

ia coataet »itk taa aira will aara aaly aftar taa paaaaga a£ aaa* 

tlaa, aaila taa ataara aill raaaia imtact. 

Aa4,  eaakaatioa accara »aaily oaly ahaa praaaara ia laeraaaaa* 

ta 1/10 «ta. 

Ia this aaaaar,   ta» kaatlag »p of  th» poaaar,  •»•• bjr a rai-ke 

heap,  la ay itaalf laaafflclaat.     It la aaeaaaary that a cartala 

•lalaaa of ataoapaarlc praaaara axiat.    Th» kigk»r tb» iaitial 

praaaara,   taa aara »lgaraaaly aill taa poaaar lgalt». 

Taa aaaa coaeapta. apply ta aaokalaaa poaaar» alaa. 

Taa rat» af paaaar caaaaatlaa aapaaaa vary largaly oa ta» prai 

Altbaagh taia fact aaa kaova far a laag tlaa,  asparlaaata aataraialag 

taa ralatiaaa hataaaa tka rata af caaaaatloa aa4 taa praaaara wmrm 

flrat coaaactaa ay Tal at tka aai of tk» lttk eaatary. 

It akaaltf k» aff lataraat aara ta aka» ko» ko arrival at tka 

aataralaatloa af a ckaraetarlatlc  far parallal layar caaaaatloa af 

poaaar a» tka fcaaia af tkaa» aspariaaata, aaa ay alao atilisiag 

aaaitloaal aaaaraatlaaa aa taa far» af tka iacoaplataly karaa* 

gralaa prajaetaa" fraa taa gaa aariag firiag. 

•lack paaaara.    aftar aaklag aaaarratiaaa aa tka laaaaplataly 

baraaa gralaa aklck 9»f prajactatf fraa a gaa akaa it aaa alaekargaa', 
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iMUi foaaff tkat far «MitltM af klack fNtfir «T <l.#4 taara 

ara aa mlAwi; far if a* i.Tt tka raalaaaa aa* a« lrraffalar faraj 

aalla at«/>l.ffl.   taa far» af tka NIMMM aaa «wry alailar to 

tka •riflMl gralaa.    (la fig. 0,  raalaaaa ara raaraaaataa ay tka 

aaa aaa araaa.) 

Yal araaaraa,  froa aaa aaa taa aaaa alstara af klack aaataavl 

ttUtts aaa aaall cyllaaara af alailar akaaa bat af varylaff 

aiaaaalaaa m\ aai aa, aatf igaltatf tkaa la a aaaa,  aalag taa aaiw 

caarflag aaaatty.    Tkaa,  taa aaalaaa araaaara a, aaa taa aaaa (far 

kotk).    Taa tiaaa   *x «a* ff tmr tatal oaakaatloa aara aataralaa* 

ay taa al4 af creaaar praaaara raeoralaffa. 

ta taa flrat lutiic«, alt «Kl.aa, taa tiaa of eaaaaatlaa af 

taa aovaar aaa sot «ovaraa* ay taa alaaaalaaa; tlK.r.. ragaralaaa 

of  taa algaificaat «lffaraaoa la alaaaalaaa. 

la taa aacoad laataaea,  at«*a*i.71,   taa tiaa laeraaaaa wltk 

aa lacraaaa of taa tblckaaaa af taa aaalaolva aiock;  aat aat 

aaaa^ar araaartlaaalljr ta taa alaaaalaaa.    Tbla corraapoaaaa ta 

taa Irregular raalaaaa la taa aaaarlaaata by laataa. 

Fig. • - Iaoaaalataly Bar aai aralaa af Black 

At •*•» l.aa,  taa raaalt aaa a «tract aroaartloaalitr of tka 

itlaa tlaaa to tka liaaar alaaaalaaa af tka fclocka: 
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At tills aaaalty,  the lacoapletely tartH gnlM projecte« fi 

tba gaa «ere elallar to the eriflaal »MI. 

Tble oeaatttiee, »• «ell •• the «there,  CAB eeeer eely la the 

eveat of parallel layer ceebeetloa. 

1W table Hat« cooperative 4eta oa reeelta af eaperlaeate 

lavelvlag flria« free gwae ae4 lgaltloa la • bee* af peaaora af 

the MM fara aai characteristic«,  bat with varlet 41aeealeee (Table 

•). 

Table • 

Itee J Ssperlaeata taperiaaate la tba 
•o. by Plrlag •oeb 

1 •ii.a« •eeleeee 414 Tl*   «• aot reealt 
a ~i.7a •eealtaat re- tTj <1^,  bat aet 

propertloaal te 
•l aa4 as 

aieaee baa aa 
Irregular fora 

3 >i.to •eealtaat ra- *L. 3. 
eiaaea ha« a *l          *1 
regalar fara 

Tbeae teeta eho«e4 the direct depeaeeace of the ceabaatloa tlae 

oa tba 4eaelty af loa41ag.     Black aeeeer la a aecbaaleal alstare ef 

aelaber, ealtpeter a«4 charcoal.    The leaa the eeaelty af the aeeeer 

('* 1.44) aai the lever the »reeeere of the araealaa preceee,  the 

•are pereua ta ite aaaa.    Therefore, whoa the araaaara la lacreaaai, 

tba peeaer 41oeoreee, aad the tlae of coabaatloo eeee aet tape** aa 

the alsaaaioaa. 
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At aa iHNMii aaaaltr af laaaiaf < / *» l.Tf - i.Tl>, it» 

aartialaa fit olM*r mm ta iMtttr, taa tataratlaaa HN«W MlUr, 

aa« taa tlaaaraal uiw pnwrt aaaara latar.    «air • vary «aaaa 

mum < if >l.aa) «aaa aat «laaaraa aaaar inmw, Mi aaraa la 

itrie layara. 

ta tala «ay,  taa aaaraatar aai rata af aaaaaatlaa af alack 

at higkar piaaaaraa «aaaaaa aa taa aaaaltr J , aa« avaa ta 

a graatar aagraa aa araaaara.    Taa rata af aaaaaatlaa lacraaaaa 

with «a iaeraaaa ia araaaara. 

Taa fallavlag ekaraatarlatle af aarallal layar pammr aaaaaatlaa« 

vklek kacaaa kaaaa aa Tal'a ekaraatarlatle,  «aa «ateralaa« aa taa 

aaaia af taa esaarlaaata Hate« afcere. 

If taa aavaara,  leaatlcal vita reeaect to chemical eeaaaaltlea 
» 

aa« heeia* a alailar fara af grala,  eat af «lffereat «iaeaaleae, 

are aaraa« la a eleee« apace vitk taa aaaa «eaaltr af lee«iac» aa« 

if tkelr tlaaa af tatal aaaaaatlaa ara ralataa ta eaek ether aa 

their aaallaat «laeeeieea, er aa tkelr ceefflcleate af eiallarltjr 

*§/*i • aa/a|,  taaa tkla ia a ckaraeterlatlc af peveer aaaaaatlaa 

ay aarallal larera. 

tar iaataeee,  if ia taa flrat laataaaa taa caerar la 

af laalaaa «ith «iaeaaleae I i N t N •, aa« la taa eecea« 

laataaaa af 1 s la a It aa,  taaa taa ratio af taalr tlaaa af 

aaaaaatlaa   *.: \, alii aa eeeal ta 9:1. 

If mm ehaagja taa tiaa aaaia af mm af taa ereeearc laci 

eervee ektalae« la a aaaaaatlaa af aaea aavaara ia a aaaa aa that 

ita fceglaaleg aa« ita aai eeiacle* vita taa keflaala« aaa taa ee« 
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of tao wtkar, tawa all litflfM4iit« awiata of tlM carww »111 

oaiaciow - taay will aaawa oaacrwwat. 

wakwlwaw aaaawra. Irpwriawato ewaowctwO la • awak wit» 

apociaww wf MwlcltM pwwwra kawo liwi taat taw lattwr oatlaff 

tats caaractwrlatic.    Tkwrwfor«,  it caa aw BOWWOW* taat taay awra 

ia parallwl laywra. 

kltkawaja taa ratw of cwawatlwa wf oaokwlww pwwwwra la oawa 

air ia woawiOcrakly lowwr thaa taa cooparakl« rat« for alack pwwwWra, 

tkwir cwawatlwa la aa •acloawtf apac« wroooowa aawoaally faat. 

Tkla ia laalcat«« kjr taw akwrt owratlwa cf taw Olackarf* phaaoawaoa 

aa* ay «xpvriaaata la a waawwwtrlc awwk,  wawrw taa prwcwaa wf 

cwaawwtlww laata oaly tkowsaadtka wf a owcwaO.    Bacaaaw taklwta 

of awoawlwwa povcWra ara vary atrwaa aaO wlaatic,   tawy wo awt 

krwak Oawa oarlag cwaawatiea (aa ia taw caww wf alack povwwr), 

awt aara ia co«c«atric layers. 

•tripa wf povwwr «kick arw at tiaww prwJwctwO frwa gaaw la 

aa laeaoylwtwly aurawO stat«,  a a« ara «stiacwiaaw* la tkw air, 

practically ratals tawir akapa, «sc«pt fwr taw fact taat tkwir 

awrfacw kwcwoa rwwgaar.     Ia Oiaaarwwwoat wita ta« cwawatlwa la 

waca air»  taw atria rwtalaa taa for« wf a rwawlar parallwlopipwO. 

Aagwlar cwawatlwa,  «kick rwawlta ia air ay wlrtaw wf a aaall 

Oiffwrwacw kwtwwwa tkw ratww wf cwawatlwa aaO igaitios,  ia awt 

prswst at klgaar araaawrwa.    Tkla awlatw tw tkw fact tkat lnltloa 

ia aa wacloaoO apac« takwa plac« cwawiOWrakiy faotwr taa a la taw 

wpwa air, aa a rwwlt wf kwatwO igaltwr gaooo prooaclag a awfflclwatly 

klfk prawaro. 

If a atrip la kwatwO ap la wpca air ky throwiag it iatw flrw, 
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taaa it will harat late tUmmm laetaatly, practically la its eatlty, 

will ham Mt rieiaUy.    aarlag tao a—»—it— of p—itr la 

ha aa* weayeaa,  ifaittea Is acooapllslMtf »y ancillary lgaitere 

ef eyresylla or »lack peweer. 

Taooa laetaatly pwini a lirfir eaaatlty of Big» to a» arataro 

i, «ale« ralaa tao prooaaro to 10-40 ataooohoroo.    Vaeer aaca 

lltleao,  tao aoaaor aoglao to »era practically alaaltaaoooely 

tr ita oatlro eerface,  aa* tao farther coaaeetlea procooo oeocoooa 

toy aoaaoatric layora.    That la why tao poooOr rotalaa lta laltlal 

fOffB. 

Caaaacf d obeervatloae aorvod aa a baala for tao foraatloa of. 

»el'a law of coaaaotloa for aaoaoloaa aooaora. Tao aaoaaetloa tkat 

tat aaaa of the yoeeor la aooogoaotia la all Olroctieae,  aa* taat 

tat frotao of tao ctargo aro exactly allee la their olaoaaloaa aaa 

fern, aaa aecoytotf aa a aaala for taia prlaclol«.    Tao haelc 

apace la laataata 

arocoooa ay parallel 

of thlo la« aro aa foil« 

1)    Tao lfaltloa of aaaaor la aa mmcU 

S)    Too eoaaaatloa of aaoaoloaa 

layora, at a rat« leeatlcel froa all slooo. 

Tao eaaatlty of gaooa foralaf eerlaf tao eoaaaatloa ef«poeeer 

la caarac tori oaf ay rarlatloao la tao voleee of tao haralag aoaaor 

grata.    With tao aeoaaptleae oot forth,  aa* oa tao aaala af aaroly 

geeaetrleal ceealeoretleea,  oao eaa fotoralao tho rolatloaa hotoooa 

tao thloaaoaa af tao aoaaor Berat froa all alaoa at aay glooa aoaoat 

aai tao aarat volaao of tao aaoaar.    Taooo aeeeaptleee aro oftoa 

ealle* tao fooaatrloal laa of eoaaaatloa. 
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TW a—»trio!  la* af »tlgO OBfflMH  Mlf   tk* Mf^fUUl 

»trie upNtt af taa eaaaoatloa arattaa, aa4 MMi4trt tao 

to BO llOMUM«! •* fHDMil it« MM,   u4 to aa  laoatloal 

la Olaoaalaaa.    Tata la* la a faraallsatloo of taa awaaaaUy 

oaoallcata4 aracaaa of Boaaaatloa at taa oatlro «aarga, »BIOB 

coaolata aowalljr of gralaa ar alaaaata 41 f far lac vita raaaact to 

Claoaaloaa aa* aavlag • aat aatlralr aiaaaaaaaa aaaa aa a raaalt 

of ita aaaafactar«.    For laotaaca, a atria araaai« tferaogfc a alat 

•aaaa a 4lfforoat atroagtfe aaaa aa«o4 4aaaaar4 or aaraca41c*lar to 

taa «ircctloa of prooalag (aaalagaaa to taa 41fforoat atroagtfe of - 

«oof aloag aa* poraoa41calar to Ita flaare). 

la aOCltloa to tfcla,  tao Igaitlaa of tao charge la taa 

of a largo aaaaor of gralaa la taa cfceaaor (of taa gaa) aay alao 

fall to aa alaaltaaaoaa aa4 laataataaaaaa for taa lealtar j 

of 1S-Ä0 ata «avail? apsllc4. 

Oaaaaaaaatly taa coaaaatloa of taa aatlra charge «Iffaro froa 

taa acao— aaaalttaa far taa Ia41ri4eal grata of aa*4er. 

Still,  By osalalalag taa laflaaaca of a aorlaa of aoaaotrlcal 

factors oa too la* af gaa faraotlaa aa4 tao rato af gaa geaeratloa, 

taa gaaaotrlcal la* af coaaaatloa arorlooo a fcaala far tao 

coaaroaoaaloo «a* aralaatloa of taa af facto of taa fora aa4 4la*aal< 

af aoooor gralaa aa tao ooraloeaoat of gaa areooere la taa aero of 

goaa.    Taa aaaae aaO Olaoaaloaa af taa aaaaor gralaa (together ofta «eight 

Of* charge) aaaa17 faro tao factors ay aaaaa at« It la eeeolMe to 

rogaiato vitaia a «la* raage,  taa pracaao of gaa feraatlea, aa4,  h* 

tao MOO toaoa,  to rogaiato taa aaaa—aaoa of «tacaarga. 
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stoslos of taa tsoatietk esatar? «sflaos tas 

aseaetrlcal prlaelple ef coaaaetloa MN prociealr, Mi Utwasoa« 

«OMt*nt^M of tks litlMiM of factors,  IwiyUlMkl« la tas 

lldit of tas tauite miiftton. 

TW ssoaotrieal lav ssa oriflaatoa' OB taa kaele sf sa 

Issestigatloe of ayroxflls posearo lit eiapler for» (atrip,  taklet, 

take).    Later, paoears ia • aoro coaples fora see» tkelr epeearaaos. 

Tkees «oro posoars vltk a aaltitaoe of aelee (Aasrloaa frala vita 

tkrea,  eevea aaa alsotooa aolos;  ls oor coaatrj tke graka of 

Slealeaskii vltfc M holtt),   fUgaatiseS povearo sltk aa eeevea 

eUetrikatloa of tao flagaatlaar ovar tao eepta of tao poaoar eaaa, 

altreclrceria aooosrs,  ls sfcich  tha altrofljrearla elstrlkatas ltsolf 

«sooosly orer tao pesos r ia storaga.     Alao latrooacoO «aa^tha process 

of craeklte eoveriaa; tke earfacea of eortala pesesre, «kick rstareas 
tao igaltloa procooo. 

Tao appaaraace of tkaaa aa« factors eaaa seas' a aoro precise 

eOflaltioa of oar iesaa oa taa aetaal character af psever aookaatloa, 

aas roejairei taa latrosactloa of corroctloaa to tao perfected i 
of eoakostioa. 

7.   TB raran e* aovsu coawaTiov 
ta ltoo, tas froack rosaarck sclaatlst Ckarasaao preeeatea ls 

kts oteay, estltle* "Istsrisr salliatica" £~*J,  a crltlcles of 

tao keeic assoaptloas of taa see—tries1 prlaelple of osakoatios, 

•as oaproeaea Soests as to tbsir corroctssoa. 

ay ssaeiaiae; aoro sloeelp strips of coarse paisJr prejeetetf 

ia aa ieceepletely aaraoS atata froa aaall caliksr gaas oariag 
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., a— —a tim4 m turf» aaaaer af etrlpa tarsia« practically 

la parallel layere.    fcwwf, •*«• af the «trip« hare Irregalarly. 

thlekae— falla ta raaala l «eat leal, aa* the earfaoe mt peeewre 

the app—raa— af gr—a—.    The latter a—a— larger aai aalt«, 

aai la tale —aaar area k — the paeoer lata f 1— tablet«, vhteh 

•eve* tat graaai ha fare taa gaa la large aeebera.    Taa aaaaa far 

taa— trregelarltlea af e—eeetlea,  aa vail aa far taa c—»Hag af 

taa stripe,  la partially locate« la taa laeerfectloa of —aaar 

•aaafactare      save—r,  aa artillery epeelallat «ho aaaa aaaaara 

far flrleg geae a— «aa «leaee to ferai a theory of their — rforaaace» 

ah—H ayarata «a taa haela af poveere as they ara la reality, a— 

aat «a taa aaala «f leeal peveera —rf«ct la f«ra aaa a—agaaa— la 

taalr eeah—tlea.    gvea If «a «leregar« ta« —aefaetarlag eefecte 

a— aceayt taa prlaclple of aaaaaatlaa ay parallel  layere, caa «a 

aaaaaa that local prlaclplaa avoir«« far «aa grata caa — appll«a 

vita—t aatftflcatloe to aa ratlra —la of povaar pra—at la the 

chess»r af a gaa, ar to a charge co—eec" of eereral each haaaleeT 

Oartalaly aat,  far It la aaay ta ehe» taa haalc raaaaaa lafleeeclag 

oarlatlas fraa taa alaaaatary prlaclple af coaheetlea af —9 grata. 

Igaltl— a— Ceeh—tlea.  It «aa coaaoaly accept— la latarlar 

hallletlce that taa Igaltlaa af taa eatlr« charge la 1—taataaaaaa 

la char—tar,   l.a.,   that taa rat« «f traaaal—laa af flra la 

lsftsltely high aa eoapare« «lth taa rat« of eoaaaatloa.    Tata 

ettpelstlea la eat 1 rely «reeg, aa« la —t veriflec «ever aaf 

—eattle— la aaaa air.    It la prohibitive to aaaa— that at 

htfhor pr—aaroe,  the rate ef Igaltlaa «ill beco— laflattaly higher 

la oeaparl—a to the rate af eoaheetlea. 
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It la by far aar» probabl» that tba first baaal»,   lacata* 

aajacoat to tb» lg»lt»r,  »»11  tgalt» aag bara aaaavhat ahaaa of 

tba laat oaa, vaieb ia locate* at tba battaa af tba project11». 

Propagatioa af Igaltlaa.   Igaltloa arapagatea for tb» aoat 

»art ia taa kolaa ia aa4 lateraticea betveea taa povaor graiaa. 

It »ill proce»« aare aavaatagooaely if taa graiaa in giatrlbateo 

la taa airectlaa of chaober asia,   tfeaa if ta»y vmrm placoa 

irregularly. 

Taa cloaaaaaa of tag grilM to oaa aaotber aae to taa »all 

of  tee gua iacreavee  tbe poaalbillty of tba occarreace of caaeea 

»kick raaalt ia tao failure of  tko povaor to bora by parallel 

lay»ra. 

Thaao coaoleeratloae v«r» at oaa tlao of algalficaaca to tba 

laproveaeat of  idea* oa  tb» actaal coabaatiea of povaor. 

•ova vor, Cbarbaaaa coal4 not pro»» exeerlocate1ly a aaabar af 

tao vary probable aaaaaptloaa oa igaltloa »bleb bo pat  fortb. 

Coaalaerably mmrm coaplete iaveatigatioaa of tb» coabaatloa of 

povaor »or» coaeectoa1 la tb» experlaoata af •••.  Serebriabov /~«_7 

<l*34-10ta>,  aba eOvelopee the coalcal craabar of blgb aoaaltlvity 

to aaall proaa«r»a,  vbich permittee' tb» raglatratiaa of preaeare 

laer»aa» bagiaaiag »lth 8 to 7 hg/ca*. 

Tb» wee of a coalcal cruaher,   prevleUag a coaplete pr»aaara 

cor»» froa taa beglaalag of igaltloa to tao »a» of tba ooabeetloa, 

>MS tba aetboealogj af coabaatloa aaalyela,  aevelopec by tb» aether, 

by ovalaatlag tb» »sp»ria»atal preaeare carva obteleec ia tb» 

coabaatloa af povaor la a boob»  oaa» it paaalbl» to iavoatlgat» ae* 
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to prove, oa tee eaeaa of a eertee of eaperlaaata,   the aee- 

iMtittiMOMMM of powder lgaltloa aad ita eapeedeace oa the 

aagattade of th© lealtar gaa preaoere,  »a wall aa oa th© prepertle© 

af tao lgalter ltoalf. 

•y prewldleg a graphic repreeeatatloa of taa lateoolty of tao 

foraatloa,  talo aethedology permitted taa tlecorery of a aorloo 

af eawiattoaa froo tao gaoaotrlcal la* of powder coooaotlea, «aa 

peratttad esplalelag thee aad ahowleg that taa procooo prowee to 

bo aetaally aoro coaplax thaa It appear* oa th* baala of taa 

aaaaaptloaa of tao gaoaotrlcal  law. 

It vaa alacovered taat tb* aaaa of povdar la aot booogaaooa 

froa layer  to  layer,   aad taat  tbo oxtarlor  lay*ra bora at a higher 

rat« tkaa th*  iatorlor oaao. 

It waa proroa ay apoclal »xperlaeata  that  tbo character of 

coooaatloa dapoada aot oaly oa th* fora of th« powder gralaa,  bat 

alao oa tb© reciprocal altaatloa of  burnlag aorfaceo:  the aoarer 

the? are altaated to aach other,   the nor« latoaalvelp doe* the 

coaboetloa proceed. 

The pecallarltlee of the coabaatloa of n*gMttr«d powdare, 

ao ceeearad with coaaaea powdera,  were ahova oa the haola of the 

develop** aotbodelogy.    * aethod »aa alao an halt ted for daterolaatloa 

of too depth of flegaatlaer peaetratloa lato th» powder oaao. 

The pecwllar character of the coobeatloa of pewdero havlag 

aarrow aad loag helee,   la which aa iacr»aa*d preeear* dar*lope aad 

lo reflected la the geeerel lateeelty of gaa foraatloa, waa 

deteralae« by esperlaeatal laveatlgatloa.    Aa aaalyala of theae 

•xperlaeata reaulted la the eatahllahaeat of a apodal theory of 
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»», oalea took lato MMmtiM 

«to* of laolrttoal 

trropalar 

tto itflMtM of tto nrit4 latoaolty of 

oloaoata of «to etorpo. 

TIM to—ry of lrrogalar ooa*oo«loa ••••• «tot tto «lfftnaai 1» 

tatoaalty of pao foraatloa la too    tatariar of pootor toloa, aa* oo 

«to «storlor oarfaoo of «to poooor, topoato oa «to toaalty of loaotafc 

aatf rarloo «aria*, tto eoatootloo of poooor la a paa la aoeortoaoo 

vlth tto ootloa of tto projootllo. 

•iaeo «to «lacovareo aaoaalloo oaro aot tifUluklt ay tto 

aaoaopttoaa of «to gooao«rloal la», tot oaro caaaaO ay pocallarltloo 

of tto yayalcal-ctoalcal proportloo of tM paotor or phyalcal 

propartloa of poooor gaaoo,  «to ooo total of oata roproaoatlag «to 

aetoal  Uw of paa foraatloa oaro call«« tto "pbyalcal  la« of eoatootloo" 

C*J.    for total la aoo toctloa III. 

•iaraar C*J epproacaoo: tto procooa of coaaootloa froa «to 

ataaopolat of para leal caoolotry, aaO latrotoc*0 tto follootac 

p«loao aa a toala for a aeaoao of poooor coatootioa? 

1)   Paotor toraa aa a rooal« of attaialac lta tooporatoro of 

ipoaltloo ay olrtao of «to lapact af prarloooly foraoO paa 

aolooalaa. 

1)    la «to gaaoooa layor «trootly aajaeoat to tto toralag oarfaoo 

of «to paotor (ooataet layor),  «to roae«loaa aro at111 laeooploto 

(preeaaee of to, tola* atlll falls to roaot »l«a OBuitj).    Too 

«oaporataro of «ale ooataet layor la looor ttoa tto toappratore of 

expleetea eotolaeele ay oay of ealoalatlea.    Tto rato of poooor 

ooatoatloa topoato aa «to «eaperatore of tale partleolar layor 

at a givea 
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3) Ito reeetleaa mad la layere af «ma aaea «lataat fi 

tka earfaoe af tka paaaar,  a a* tka layere af pm keeeae 

lMTMSlSCly HFMr. 

4) tpea eotttet ettfc tu» cool mil of tee keee.  UM 

treaafer a partiaa af tkelr fceat aa* tkelr teaperatere eec 

Tee ease aatker atteeptee' to eeterelee tka laflaaaea af tka 

raaiaet eeergy af peeeOr gaaee oa taa keatlag ay af peeeOr at la« 

«eealtlee af loaeiag a«a praaaaraa. 

Derlag reeeat yeare  (fro« If90 oa),  a aaafcer af eteelee af 

oar ecleeee profaaaora  ta.  B.  Zaleevick,  A.P.  Ballaav aa* O.A. 

Freak-taaeaetaki /"•_/ •**• aavotaa to taa praalaaa relatlag to 

taa aecaaaiaa of tka coakuatloa of peaeere aa* etker esploelve 

•akataacee. 

•eglaalag vltfc taa lavaetlgatioa of volatile Heal* esploelvee, 

aai kavlag evolve* a tkeory of taalr cookaetloa,  Prafaaaar 

Seleevtck appllee tkat tkeory to tka eoakaatlaa af peaeere £"*_J. 

Tkia ae-caiue "tkoraal" tkeory coaeleere taa eoakaatlaa af 

paaaar ta ka tka raaalt of *ao keatlag of lta aarfaca ta tka 

taaparatara af eeeeapoeitloa, aitfc a caaaaaaaat eeevereloo of 

tka peeeer iato gaaaa,  aa4 aa laeraaaa of tka taaparatara of tl 

gaaaa to tka taaparatara af cookaetloa. 

la tkia ceaaactloe,   tka rata af eoakaatlaa eopeaee aa tka U 

paratara ta afclck tka paaaar la teato* ky tka aatlaa af tka kot 

gaaaa earreeatfleg it, vfcile tka eeptk af tka keetiag aai tka laai 

af taaparatara Oeaeae aa tka rata af eoakaatlaa, ealck la itaa If 

eepaeoaat aa tka praaaara af tka gaaaa. 
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a characteriatia af this theory la the «»tall«« chart at thai 

eaargy elatrleetlee heteeaa the gaaaa «aa tha aaaaar, aa* tha 

eateealre eaelaaatiee af tha algalflcaace aff tha lattlal taaseratere 

•f aeoeaeeeltlea, af tha heetlag »alee aa4 haat aaaaaattvtty af 

tha aaaaar, 

geea thaagh thla theory aaaaat ha eeeeieerec aatlralf eesalete, 

it still raaaiaa 9$ iatereet,  la »law af tha faet that it gleee 

«eta1la aa aec eerfeete ear lceae aa tha erecoaa af aaaaar caahaatlaa. 

t.    TB BJDHPBjl 1UIMI Of* Wjajim COajJOaTIOB) 

(Accoraiag ta I«.  ».  Seleorica) 

la acceraaace with ceateaeerary vleee,  the coahaetloa of eeeeor 

eccara aa fallaaa. 

Tha altrocellaloee la tha aarfaca layer of tha aaaaar eoceaeeeea. 

Tha preeacta of tha aac—aaaitlaa cooa oat oa the aarfaca (pracaaa 

•f gaelf icatlaa) aa* react la tha gaeeeea phaee,  laereaelag tha 

taaaaratara af tha gaaaa greatly.    Tha taaaaratara aa tha aarfaca af 

tha aaaaar la aoo relatively lea, aai correepoeea ta tha priaary 

geeaaeealtlea af altracallalaaa.    Tha taaaaratara slatrlhatlsa la 

tha aaaa af tha eeeeor aee la tha gaaaa foralag eerieg lta caahaatlaa» 

is ahaaa hy tha aiagraa af fig.  10. 

iratara la tha iaterler af tha peeeer. 

leaser, 

latiaa (taaaaratara af tha gaaaa). 

Chaaleal raactlaaa aacar la tha ahaaag araaa.    la aaaa 1, 

gaaificatleat    la aaaa 1, raactiaa af gaaaa literates fi 

»r (raactiaa af caahaatlaa). 

T# - tha t 

Tp • tha taaaaratara aa tha aarfaca af tha 

TK - tha taaaaratara af 
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karatag NrfMN of tka müw tat • tottrt layor <»f), 

tklakaaao »|>iü •• tka tMptntm coaOactiattv of tka 

••4 Ita rat« of e—ksatloa.    TM ——ooa itloa raactloa 

FrooooOa la a psrtloa of tkla layar ar.    Oao of tka tnwiImiUl 

tasks mt tka tkaory of poaaor iirtiHUt la to Oatarolao tka 

ralatiaao osiotla« kotoooa tka rat« of oaaOar eoakaattaa aa* 

tho kiaatlea of tka ckooloal raaetlaa. 

Tka aarfaca layor taaoorataro valao ls laportaat aot aal* 

for oataralalag tka ralatleaa osiotla* kotaooa tka kiaatlea of 

gaalficatlaa aa4 tka rata of aoakaatlaa.  kot aloe for tho lavaatlgatioa 

of proklaaa eoaaactao' with tka lgaltloa of tka povoar,  aaatakla 

cook—tloa ata. 

Xa tka taata of 0.I.  Laipaaakll aaa v.l.  Arlatorala,   tka follovia« 

raoolto aora ehtalaaO ia eoakaattaa of aoaaor at atooapkorlc 

praoaara: 

For »jrroirlta aooOar      T# - Mt 40*C - Um t 4*°K 

For altraajlycorla 330 * 4f°C - «03 t 4a4« 

Fig.  10 - Oiatrikatioa »r Toaporatoraa Dana« 
Oaofeaatloa «f Povoar (lolOavlck) 

1) ; i> 
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TU« iicpapMltlaa of prrosyIla gooa aot ocoar is taa «aUra mu-tämf   \ 

layer,  feat oaljr la taat part of it oaoro taa toaparatara approach— 

Tp*    Tao tklckaooo at lta «r coaprlaoo oaly at—t H of tao thick- 

— of tba aoatag-ap layar »g. 

gal—, eartala caaractorlatlca af paoaara aaa>-liataaTia- 

«ttktaa ant» af 0.1. Lolpa—kll (Taala T). 

Taala T 

Calorific 

Bar," 
cal/g °c 

Taaparatura 
Contactivlty 
ca>/aac. 

tat« af 
Oaaaaatt— at 
p - l kg/am* 
aayaac. 

Pyroxylin 
•ltroflycorln 

0.S9 

0.34 

l.S • 

0.07 

10 -3 

10 -3 

S.a 

4.0 

o.ii 

O.aa 

auwrn g - auucmiiric BQPATIOO or 
af r Onaoo* Proaawr* aa taa OoaOltloaa 

of LoaOlag) 
(D»pa 

Darlag taa coaanatloa of powaOr,  a largo auaatlty af gasaa la 

fenaotf.    Taoy aaoa a alga taaparatura aag «sort alga praaaara oa 

taa aall af taa gua la oalca taa coaauatloa aeeara.    Taa gaaoral 

prlaclploa af phyalca aag taaraadraaalca ara applicable to tfeeea 

gaaoa.    Therefore taa caaractoriotlco «ovation —pro—lag taa 

ralatlaaa hotecoo ara—ara,   taaparatara and apaclflc ooloae af 

gaaoa ah—1« alaa he vain far tala caaa. 

Par "laaal" gaaoa, oaaaa aalocalaa go aat have a oolaao aag 

fall to attract each other, or for oafflcloatlp raraflog gaa»a, 

the peyalcal fora af taa aeeatloa for aalt might la —pro—•< ay 

the Klapolroa faraala: 

w - «r, 
If p la taa praaaara af gaaoa; 

« la the apaclflc oolaao at t - 0°C an« • praaaara af 1 ata; 
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T° - IT» • t* - ikMht« 

• ts tko gaaooa» eoaotaat. 

•lac« la • c—kaatloa of 

of gaaoo; 

•r 1« the MMMtric boat,  tba 

hare • «ery high «eeeltr,   tkea tko fellovteg Vaa-Oer-Taala 

oejaatlos for roal gaaoa aboel* aortro aa the eoeatlee of their 

«tat« of aggregation: 

(•-*•) 

(w - b)  - «T, 

»re b lo the characteristic of aolocala r©H 

aaJ a la ths cfaaracterlatlc of cobealoa of gaa oolecalee. 

The lattar force  (of cobealoa)  aajr ba «laragaroo«: at higher 

teaperatvree,   ao  that  the eeaatloa «111  tbea be «ritte*  la tbla 

•tayllfleo for»: 

9  <» -  b>  - Wt. 

la tbla lattar fora,   tba eejaattoa la accepte« la latorlor 

ball 1st lea.    Tbla eeaatloa partalaa to a aalt of «eight of gaaoa. 

If « kg of aoooar la baraaO la tba apaea »0 taf la paare r tea 

oatlraly lato gaaoa wboaa taaaorataro la «aval  to tba  tooaorataro 

•f eoabaatloa T1,   thaa tba ereceglag ee*atloa «ill ba «rlttaa la 

tklo aaaaar: 

fM- 
9 <»0 -  *>h) -  a»Wl, 

a»tfi 
9 - fa - kJ 

(1) 
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foraola of Tu*4tr«IMlt oao aaolvoo' too»rotlcally la tko 

ltTt'o as a rooolt of tko aaaaaptloao of tko klaotlc theory of 

laaaatlgatloaa of poocor 

•oeli procoao, ooro kagaa by Oay-I 

ky taaoaa aa4 »lpkov (laSO). 

at prooaaroo aroaaa 1 ata.    aoaooar. 

, aaa of gaoaa f orala« aorta« 

UtSa),  aaa ooro coatlaaoc 

laooattgatloao ooro coaaoctoO 

eookootloa la saaa occara at 

fclghar praaooroa.    Therefore,  etetflea kagaa ia tko aoeoaa half of 

the 19th caatary oa tha laveetlgatloa of peeeer coakeatloa at higher 

preeaerea.. la —ao—trie boabe. 

Detailed exaerlaeatal laveetlgatleaa (leltlatee la lota aed 

ceapleted la  1M0) oar« coadactotf la laglaee' by kObel aaa Abel. 

aeee data of theee asparlooato ara eeeted la tao "laterlor 

•all tat lea" of A.W.  aria* C^J»  »•< •*•• *• tao atady of I. P. 

Orava eat1tied -ryroetatlce- £~llS' 

Tao esperlaoat* aora coadactod ia oaaoootrlc hooka, wltk a 

llaltatloa of tho aoxlaao pfmtmtm ky aoaaa of a cylladrlcal croaker, 

aaa lacladed ooaaaraaoata of tao velaee of gaeee aad aa aaelyela of 

tkalr coapeeittoa.    Hack poedere ofclek aora at that tiao aeed for 

Military aorpoooa,   foroatf tko okjoct of iaeeetlgatloe at loadlag 

doaeltlea A- 0.10-O.tO. 

Tao esperlaoate clarified tko eeepaeltlee of tko predacta of 

peeeer coakeatloa,  tko eeaatlty of gaaoooa arooacta aad tkalr 

aolaoo at #°c aad 199 am,  tko «eaatity of aoa-gaooow arooacta aad 

tko payeleal faro la aklek tkey ara feead at tko ooooat of 

axploeloa,   tko aoaatltjr of boat 4»,  tko aoaa koat capacity of 
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loa pro aacta la • coMtiit apac«,  tao toaporatar* of 

proaaata,  tlM rolatloaa b*tv**a tlM ptMNn aa** 

o>aalty of 1M41M,  tao varlatloaa occurrla« la taa praaacta of 

**coopo*ltloa vita -a cfcaaf* ta ta* oaaalty of loaAlaf, tao laf 1« 

•f ta* caoalcal coapoaitloa of ta* povoar *a taa roaaltaat 

of aocoopoaltloa, aoat aa* proaaar*. aa* alaa taa affoeta of grata 

«laaaaloaa,  taolr eoaalatoaey aa* aval*ltjr coatoat, *tc. 

Iap*rla*ata oa ta* clariflcatloa of ta* aaaaaaaaea of ta* 

aaalaaa proaaor* oa ta* **aalty of loadlac,   for*»* aa oajoet of 

apcclal  lat*r*at for lat*rlor aalllatlea. 

1.    TO tXMaala PM Tax aaXIaVM IMatajM 'or (aim 

After coaoaetlaf •  larg» «oaaor of exp*rla*ata, plattlag ta* 

valaoa for aaxlaoa proaaor* p^ aa* oaaalty of  loatflag A la a *lagraa, 

gravlag ta* cwrro pm, A through ta* polata oatalao*, aa* flttlag 

aa «««atloa to tala cum,  ftoa*l aa* Aa*l *ata*llaao* ta* follovlag 

•aplrleal rolotloa a*t*o*a ta* ooasitr of loa*lag A aa* ta* aasl 

proaaaro pm: 

•a " 
fA 

(I) 1 - «4 
la thl* foraola,  f aa* a ar* coaataat cooffleloata **t*ralao* 

aa a r**vlt of a aoaaor of «sporlaoata at varloaoA. 

Aaaoala* A - 1/1 • a, a* oatala: 

1 
1 • • -  - f. 

*   1   • 9 

At ta* flrat glaaco,  a* eoacl«** taat ta* vala* f kaa ta* 

«laaaaloaa of aroaaar*.    Taat tjrp* of *lo*aaloa aay a* aaeoaatoro* 

la ol**r coorooa of lat*rl*r aalllatlea,  under ta» taaorjr ef «aploalv* 
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•atotaaaae.    Actually,  •• It «111 to «hem later,  ttoy axpraaa 

tto «ark capacity «f tto paator aaaaa. 

Tto valea f aaa taraaa tto "aaar*y- «f tto patoar. 

Tto ral«a a rapraaaataa* tto aalaoa af liajaitf ato aal 14 

raalaaala la tto caatoatlaa praaacta of alack paaaar. 

Tto prapar pbyatcal aaaaftaa: af tto eoafficlaata f aa* a la 

clarlflaa ay a coaparlaoa of faravla (S) ato a aiopliftao' form la 

(I). 

I» (orMlt   (a) vo autotltot* la tto plaea of A lta aaaalaa; 

W**,   aa4 eoavort  It  by awltlpllcatloa of  tba mtrttor «to 

ilaator by V*..     W obtala: 

t A fa» 
»• " 

1 - il - a' 

ronuU   (1) has tto follovlaa; faro for«*' be of gaaaa: 

WPJT| 

*•"•, -to*' 

by ooaaarlac too faroalaa abtalaa* aapariaaatally aaa tbaarattaally, 

«a flaa tbat tbay ara iaaatlcal at f - PJfj ato a - b.     la fa re« la  <*), 

tto vale« a rapraaaats tto velaaa af aaa aelecalea,  aa eoaa rale* 

b la  fonaala  (1). 

Tto pbyaleal aaaalaf af tto «alee t,   tto ao-callatf eaergy «f 

tto pastor,   la oxplalaee by tba espreeelea 

f - lfx* 

It la fcaava frao ttoraoeyaaaice that tto «alee 1 rapraaaata tto 

work «bleb tto aaa parfonaa.   If *c toat It  1° at ataaeptorlc 

praaaara pm - 1.033 ke/ca  : 
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^ri^Rsgv. 

»^> 

• - 
ITS 

»IN 1/3T3 is tke coeffielest of |U «ifUtlM «tea it la 

keate4 i##  thee W|/S73 ia tke eseaaelea af taa valve* Vj vkee 

the taa la tea«taa I*,  vhile taa »reeve t af a# ay a|/3T3 la taa »art 

that la «aaa ay 1 kg of gases vkea beats* aa ta t£ at a eeaataat 

areaaere a. - 1.033 fcc/ca*. 

OaeeeeaeaUy,  f - aT, - a.aiTj/tta axaraaaaa taa ear* efclek aaa 

aa eerferae* ly t If of pov*er cases.  eseeaaUat «erlag beatleg aa 

ta t? at a eesstsst sreeevr» pa - 1.033 kg/ca. 

teketitvtlag valves f ia kg-es/kg, a la «a'/kg»  se* A -u>/»0, 

kg/«a3 is foraala (3),  vs oktsis the valve af taa 

H - 
f A 

kg-4 

ks 
aA 

akatract 

2» 
—, "2» 

*c   at? 

taa valese f aa* a *epea* oa the characterletlee af tke fwveer;  f aa 

wj aa* Tjf  aa4 a «* O.OOlwj. 

TU itokal foraala, «valve* oa the basic af «kaaalaaata vitk Mack 

peveCr,  vaa farther verlfleC    by etker reeearck eeieetiete,  far 

aaakalaaa aeeCere aai far a aeaker af ereleelvee. 

gaalyele af •skel'c feraala. Tke ferula aaa eetahlleke* eeeirlesUy 

for pgaaaaraa p„ ajaafv kg/ca*. 

Aa aealyeie af it akava that at A  - •,  a» • •.    If aa lacreaae 

tke valae ef A ,  tkea a* vlll  lacreaae «uleker tkaa A (eiaee f* *ivl*eo 

late taa *lalaleklag fractlos 1-oA).    «eeatlee <3>, «kick gives tke 

r-TS-7»37-tt St 
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B*' 

*4-**W-.^.    "°*jjt"'-  **A 

r:V-Tv" 

•f p, oa A,  wymwti a pert lea of a hyperbola»  eleee 

ellelaatlea of the «eeeelaator it aas the fere a« - ««»»• '4* • 

Mai ike «lecrialaaat Mi*)» - *f» • -«' -« 0. 

If ee aaaeae that the ferae la ia eorreet fer »elate ebtalee« 

farther ee ia the eaperleeet,  thee the cere* pm, A «eea eet late 

leflaltp, aorta» approach*«' aa aayeptot* parallel te the aale 

?<p*J at A   -  l/e. 

1 - a 4 • 0 aa« p, - e». 

If ee ehe* tae «epeeeeeee ef pm ea A la • graph,  by plottla» 

A ea the axis of the aheclaem aa« pg oa the axis of orelaatee,   thee 

ee ehtala a earra pg, A    <fl».   11) paaalag through the orlgla ef 

—rale* tea aa« bavla» aa aereptote la the fera of a atralgat llee 

eeeatag perallal to the asle ef orelaatee at a dlataaee of l/e free 

the orlgla.     Pegatlra vaieee are aot «lecaaae«,   la vie* of the fact 

that thep ee eat have a ph roles1 aeaalag. 

•iaee a la approalaetelp eajaal to aaltp for prresplle poseOro, 

the «rltical vale« of A ,  at which p. ahevl« he aeaal to leflaltp, 

ie eejael te ea*.    Per altreglrcerla poeoere,  a* 0.» aa«, coaeeaeaatly. 

«rlttcal A   - 1/0.• - 1.8». 

ft».   11 - Bepeaeeece ef p. mm A,   la aeeereeec* vith ft 

.••laWfflT-a«T $# 

si*  <») 



Ia practice, eaaaltlee of leaeie*. «pt higher tbaa •.*» are 

eeleetoe for aeebaetlea af peeear la a beab,  »a——a tba reeettaat 

praeewr* la each a caee la MM to MM ata.    la estree* caaaa A 

ap ta •.*• are eeleetoe, obere a« - MM ata.    Taa grarlaatrle 

etoealty af taa aaat Mpechegeaeia<» rifle peeear,  la taa fara af eaall 

cyltaeore alt» aaa bale threegh thea,  •••••ta ta t.M-a.M,  l.'e., 

laaa taaa taa r*e*lree critical rale«,     la taia caee,  taa calcelatee' 

preaaar* «owl« aaeeat to sheet 80,Mt ag/ea*. 

It la peaalble to obtala this type af eeaelty of Loaeleg, aa* 

avaa higher,   la practice,   by pr«aalag taa peeear la taa fara of eaa 

coepact cyllaeer flttlag to taa abape af -taa reeeel la «hieb the 

coabaatlea accara.     la tbla laataece,   taa asaelty af loaelag A • S 

- ta* epeclflc «eight of tba poveor.    At a eeealty af loaelag hi(bar 

thaa A ,   tba proceaa »Hl chaage lato aa esploeloa evea prior to tba 

••4 af tba peeear coabaatloa. 

Tba eopeaeeeee p., A caa ha repreeeatee la taa fara af • atralfht 

llao,  which caa aa eeee aevaatageeeely ta eateralae taa baalc balllatl« 

eharactarlatlca: tba eaergy af tba peeear t aaa tba corelea» a. 

Py eeavertlag taa eeeattpa-<*),  ee abtala: 

=- - * • °»a- W 

If «a accept a» far a aaa a*/A far y, taaa la taa aaa eyetee 

aataa faraala <J> alll a* erproeoeg ay taa llaaal eeeetlea 

T  - t  • ••*> ~ 

t  repreaeata taa eegaaat latarceatae' aa tba aala af eretaetee 

by tba atralfht lie«, o im  tb« aagwlar eoafC" claat of tbla atralght 

Ha* or tba taageat of tba aagla f , foree* by tbla llaa «ltb tba 

nxlo *. 
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CaaOactiaf • «ariae «ff aaparlaaata »ltk mini A , «Ml karia« 

tttitiltH corraapoaalag aagaltaaaa of a»,  mm f la« tka rat la Pg/A , 

«Ml «a plat ttw palata oarraaaaagia« to «sell «•••It7 «f l««41«f •« 

IM »»/A , iM p» «f tiw graph <fl«.   II).    TIMM» palst« «MMl« to 

lacata« «a aaa atraight llaa.    Pralasgiag tut« atraight 11M» l-l t« 

it« latarsactlsa «it« tka «st« äff «rtiMU*, w» flMl tka aaargy f. 

Tka  taagaat of tka aagla fonw4 toy tfcla atraight llaa »it* tM» Mis 

4 giraa th« ••la« «f eavalaaa a.    *»1 eaaaacta« aaparlaaata «ltd • 

«tool« aarlaa •* aaplaalr« aakataacaa «a« aowaara,  as* kaa eaaatractaa' 

typical atraight llaaa far tkaa. 

Pig.   IS - Bapaaaai 
Pa/Aaa a»,  la * 

•MM «ltk Poraala (3) 

off 71«.  13 - Ckaraatariatic Straight 
Llaaa of Thraa Basic 

If a» taka aaaa valaa« of t aad a for tka MM paaaSra,  ttea 

w «Mala thraa characteristic atralgkt llaaa oa tka trap« »a/A ,  Pa 

Cffl«.  13): 

1)    Pyroaylia paMlar: f - «00,00«; a - 1. 

S)    ffitraglyearla pasaar: «0:f - 1.«50,000; a - «.«. 

3)    «lack paaaar:  f • SSO,«00; a - 0.». 

Slallar atralgkt llaaa vara alao oktalaa* far a —fcar af atkar 

•splosira aabataaeaa. 
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- TW lit 

S.    MTOS1KATI0M or 

UM aagalta^aa f aatf a e»« *• aotanlaaa aaalyticalljr ««4 

•VMMMlly. 

*• haw a llaaar aqaatioa vita two ceaataat «oafflclaata t 

»a« «t 

- f • ap_ (3) 

!• ara»r to «ataraiaa f aa4 a ajr taa ala ef tala aaaatioa, lt 

1« «#—aary to eoawwct axparlaaata with two tiaaaitlaa of loaalag. 

Ttoa, ta* valaaa a» *aa p^/ A «111 a« aaowa. 

If la «a axparlaaat,   at a oaaaltr of  loaala«   Ai,   taa raavltaat 

pWMara waa pj,   valla at a aaaalt? of  loaalag 4g, taa praaawra «as 

Pj,   «a aava a ayataa of two aaaatloaa: 

P9 
j- - t + ap,; (a) 

«1 
- f • apr (»> 

••»tractlac taa taraa of oaa «awatloa froa taa otaar,  wo oatala: 

*»        '1 J- - -— . o (a, 

••aaaa»     <•» «aaXaa» 

At Ax 

-  "i>i 

a • 
Pa - »i 

<«> 

f~n~im-m •> 



•Ml 

ff - <»> 

la plaeo af taia aaaatloa,   it la aiaalar to aataralaa taa vala 

•f ff ay aaaatttatlag taa oktalaa« aaaarlaal vmlaa far a la «aaatlaa 

<•) «a« (a).    Oataiala« «a Uaatieal aagaitaaa at f fraa altaar aff 

taa two aaxatioaa mwm mm m vorlficatiaa aff taa earractaaaa of 

calculation af  f aatf a: 

»1              »a 

Tfc» «lafraa oa fig.   14 giro* a graphical  illaatratloa of  tb« 

appllcatloa of oarl*** «faatloaa  (4)  aatf (•) for taa aataralaatloa 

of f sad a: 

oa - px; ob - a,; 

»1                  ** 
Ai                   A* 

*»         »1 

«f      Af    *i 
a   •           -    ; 

af          a, - aj H> 

• •« - • •  »it  i* - o •  p,; 

* ?»aa«aa-ae» y*- - op.; 
• 

f-ai-ac-ac-^2.- apj. 
42 

• 
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i-'• rM^aif -jmf 

^T 

Äj  .  /Sj ^/O.IO. 

,,  ftmlt (4) far m «a« faraala (•) for f bath kava a 

alaala graphic iatarpratatiaa. 

la tats aaaaar,  la araOr to aataralaa taa aaarfjr af aaaaar f aa* 

taa cavalaaa a,  it ia aacaaaary to contact paaaar aaaaaatiaa aaaariaaata 

ia a baab at taa aaaaitiaa at loaaiag,  aa4 taaa ta aataraiaa f aa* 

a altbar ay aaa of faraalaa <4> aa* (•) or graphically,    ia tbla 

oaaaactloa,  it ia aot paraiaalala to aalact aaaaitiaa af laa41ag 

vary cloaa ta aach atbar,  aaaaaaa taa raaalta «aa 14 aa laaa raliabla 

aa4 a largar orror ia paaaibla.    Taa boat coa41tloaa aaiat ahaa 

For iaatsaca,   for aataraialag f aa4 a far 

pyroxvlla paa4ara,   It ia a4rlaabla to coa4uct axpariaaata at 

A -0.15 aad 0.15,   aaa for atroagar altroglycarla po?4ara at 

A - 0.11,   aaa 0.10 or 0.11. 

At aaaaitiaa of loaaiag halo« 0.10,   it la alaa paaaibla to 

obtala aaraliabla raaalta,   aacaaaa taa  liaaar 4aaaa4aaaa falla at 

praaaaraa p, < 1000 ata,  aaa taa poiata p./A,  pm ara aitaatag bale* 

taa atraight  llaa:  taa laaar taay ara,   taa aaaliar p. ia.    Tata 

accarraaca la «xplalaa4 by graatar loaaaa la baat aalaalaa throagb 

taa aalla of tha boob,   aacaaaa taa coabaatiaa af aaaaar tabaa placa 

alaaly at loa loaaiag aaaaitiaa.     For tbo aaaa raaaoa,   taa raaaltaat 

praaaaraa ara laaar tbaa la taa caaa abara laaa af baat tbraagb taa 

aalla 414 aat accar. 

It aill aa abova halo« baa loaaaa tbraagb baat traaafar ara 

calcalat«4 ia a aataralaatlaa af f aa4 a, 
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-, rruntrf*m^lWTrwa** 

\^ä 

tic. 14 - Oraafcle gotorolMttoa of tko Irttr loargr 
ao* of tko OlWlM* 

la »441 tie» to oataralaatloa of tiM valooa f iM o ©• tao koala 

of osyorlooatal «it«,   tao kOtol aa* Akol  foroala la alao aaallcaklo 

to» tko folloolag caaaa: 

1)    Caoolag f aa* a,   a calcalatloa of a» la »aoOrtakoa ky tko 

a14 of tao valao &. 

Pa - 
fA 

1   -  OA 1 - a 

S) gaooiag f aa* Q, oo aaoOrtaka to calcolat», kr tao al4 of 

pm$  too 4 at »kick a «lvaa aroaoaro wool« rooult. 

tolrlog tko oooatloa for A  ,  oa oktala: 

i 

t - 
f • «•» + a 

ila «lto4 Is aoo4 for aolatioao of a aookor of practical 

Wmr laotaae»,  at a givoa i »oa o,   it eaa ko e*ian»is*4 

oftai A okoolg ko la oroor to ootala a glvoa aagaltaoo of aroaoaro 

<aoooao~ *©•©),  oo tkat oo «ay koo» tko oaaaitiaa of loaolag for 

v»i«fc |Hüf oaf a* karaa* la a koo* vltk aa offoctiv» proaoaro of 900* 

r-Yo-mr-a» •• 
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'v -*""*^  ' ." ' ' -\ 

•to.   Or,  for 1—to—a, to «aUaUto tit pi atom! IMipiH tj •• 

lfaltor •« a gltoa valffct ta * taaatot a* • flmwlMt, 

•aatalala* a eaara» af a f ivaa «alffct. 

Is araar to tottor asplala taa aatoatf 44 avtoralala* f aa4 a, 

taa fallavla* asaavla« ara glvaa. 

la aclviat asaayla«, it to  rr to laaiiaa all aa—Haaas 

»7 caaciataat «alto,    «a» aaat aaa4 ayato» «f «alto: kltograB .-. 

•aetoator - mm—mi. 

•saapla 1.    Ta aittnlM (iU< «a to« aaala af taa-faltowla* 

«•tu: 

-•fiSa**' 

Y» 

At - «.if;  a} - l,4T4 af/ai* - 147,444 a«/*»*; 

0.2»;  a, - S,7M a*/««* - 17»,€44) fef/at* <    fel 

fla4 taa rat la« -i- aa4 -*-. 
• l Of 

". 'v •' -*l 

•• 17», 444» 

Aa •.St 

»i 147.444 

*l •.It 

A| 

f.Tf-7J37-tl 

- 1,144,044 

ill" 

A   /-> ';""- ' 
1   /   " •* c 



•a aataralaa «: 

a - *f    "4V    . pfifft - 0.031. 
r, - »i 110,000 

(Mjflt 4iUnltH tin taa basic asaatlaa, ay aaaatltatla* la It 

taa aapraaaiaa faaM far a. 

f - -4. - a,r 

OM; a»t - O.IM  •   147,000 - 137,000. 

f - 000,000 -  137,000 - 040,100 kf-4a/k« 

ivar.   It «• aataralaa it ia •cceraaac« vita taa aaaaral 

•aaatioa,  taaa va aatala: 

•i        h   T »1 f . JL •   J_ J| » . 000,000 
Al       &|    f|-»i 

1.100,000 
0.10 

IM. 
— - 040,100 kc-Oa/k* 

tsaaala 0.    Oivaa la f - 000,000 kc-Oa/*t; a - 0.00 aa*/*0- 

t* Oataraiaa taa 4 ,  at vale» taa rasvltaat a„ - 3,000 ajt/OB* • 

100,000 kg/«**.    Fre« taa aaaic aasatlaa, «a fiaO taa aaycaaalaa 

far A: 

A- 
f • 
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Wo aaaatltafc i 

A- 3M, 

•*•,••• • t.ta •  3Mt«M      •*•,••• • 9M.M0      t.laa, 
• i.trn 

IM.    A kMk oltaataaoa p^ • at** kf/oa*.    MMntn UM 

aaralaalala oaaolt? of loatflac ftor aac* typo of poooar, 

pyroaylia, altroflyeorla «M »lack, «stag Oat a la UM taalo for ft«. 

13. 

«.   TB mncr or nM. la BRHOIIN IBMHI ^WH, I, la 
la 

laiao mn 
inn f UDo 

taat arroro £px aatflpg vor« aooa la oataralalaa. taa 

valooo far pro—araa pj aaO pg.    «a will flaa tha earraaaoaolag arroro 

ol|, aac /fp,  alao /oj aa* /oj. 

a.     Irrara la Patarolalaa: f 

Par taa parpaaa of levaatiaatloa,  ao «111 taka taa oooatloa 

^'»h* »i 

„_*» £i 
•l-»l 

(•) 

(a) 

fa «lffaraatlata taa aspraaaloa (a) vita raapact to plt  ragaralag 

•11 otaor valooa aa eoaataata: 
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Diviaias (c) by <•», «• «Mai» 

(•> 

111 

(a, - »i>   »1 

SlalUrly: 

»         At               A« 

<t> 

w> 

*1 
f 
 .._!i Ü. »i   ._J2I (•> 

to aaalyala of aajaatiaaa (7) aa4 (•) aaava taat aaa »»4 taa 

•Ht aaaaluta »rror  «*P| - a>g aaarta a varla* iaflsaaaa •• oarraaaaaalaa; 

arrara la taa iataraiaatiaa af taa aaa4tr aaargy f. 

TW arror 4-4j»| at • laaar aaaalty af laaataa: A|,  iaaraa — tiM 

aaartr f i »all» taa arrar -fl», at a aiffcar aaaait* af IsaaUag 

taa aavaar aaarcr f •    At tat aas» tlaa,  taa affact af taa aafattaa* 

äff   at a la« A| ia graatar taaa taa affact af *Vg at a aigaar Ag, 

aaaa la taa f trat aaaa at     ft       tae aalttallar 1« af taa 

J-  >l, aalla ia taa aaeaa« eaaa it is -*- <i. 
•i "1 
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1 'WP , s»*^~ 

feats errera of iaterataatloa iMnwt alt* a raSaetloa af the 

«ffftfäSSS Ittma  taa  UetflaC SOtaltieaAj  aai   AJt   aale* MUili 

a raiactlaa of tlMi MiwluUr py - ps aai aa lacreaae af   •*#/>. 

fas», is erSar to rotvea taa error la 4tUnltit| f,  It is aeeesseiy 

to iMmü tee iiffereeee pg - p.,  eelectiac itoHnr pmltU 

* imur itffereace eetoeeaAg aai A..    Still,  a large error la 

tae valees far preeeare pt raaalta at taa lo» A < <S.l»), ay rlrtee 

•f lossee la seat traaafar.    Therefore la practice A, • 0.15 aai 

A« - 0.1» ara aelectei far esteraiaatiea af taa energy af prresylia 

ira, wkiUAj - O.lt iWA, * 0.90-0.S3 ara takaa far 

sitroglyceria poviere. 

b.    Irrera la Dotoralalag a 

•7 aiffereetletlag the expreeeioa (a),  we obtala: 

1 1 

/«    A1 *•   • J.        f   "*                 t« 
1        <Pt  -  »1>*                             •»-•!*»                                                                               j 

1             j                                                                                                                                           1 
.            *1  ~    A«                              f            f*l                                                 ,.Ä» /«    . —i 2« * ft    - — -jJ  .                                           (It) 

Oaatrerr to 4t j aai *f f,   taa arror /Oj <0 aas oa^ >0.    M 

«tfoa aagattaiee af &x, a9.  P| aai pg,  aai at /pj - /pf,  the arrar 

• < /«j >#'«i) slaoa p, > pr 

It la arleeat froa a caaparisaa af espreeeieae (T) aai <0), as                1 
V soil as (•) aai {!•>,   iaai eaa aai tee aaao arror #>j,  er Jpg, effect« 

f aai s la epeeette «ara. 
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Oirttfiac <?> kr (•) ••« coaaltariag tao oooalltr <•), 

tU *• - Ft      4«      AI Pf     . ^1 **-. * " »1 
As - M    9%      »i    "^  * *!--. 

•Mais; 

<il) 

*t 

••4 

f 
(It) 

It follooo fro« • «NHrlMt of MutltM (11) aa* (It)  that tko 

orror/aj, of tko oagaitaoo a,  at a hi char oaaolty of loaolac Af 

prooacoa • oaallor error la tao oagaitaoo f tkaa 

at a lonr oaaaltr of loaolag- 

tho arror /a 

imUDUTI 
Of PTMMTATICS 

Th« Bokol oooatloao appllaa to tha iaataat of attalalag uiiaw 

prtMur«,   whoa all taa poooor la kvrat.    for tho lataraadlata aoaoat, 

vhaa all of tao pooear lo aot aa rat karat,  oat oaly a portionVof it 

la coavartoo lato |INI,  oo uao taa ahyaleal atata oooatloa for u>f 

kg of gaaoe: 

hi?  • Wjof - f^, 

«haro taa laoos «f laoloataa that  taa glvo« aagaitoao corraapaaoo to tao 

iatoraoAlato aoooat la «kick tao portloa of tao ckargo f im karoo* aao 

coavarto« lato gaooa. 

«v,  tko froo oolaoe of tao hook at tho glooa aoooat,   la ooaal to tko 

volaoo V«, of tao koaO aftor tko oooactloa of tko oolaao of tko atlll 

«akarat aoooar o» (1 -•*)/»* «a« of taa cavolaoo of 
r OOY. 

of tao karat 

•r  - ^ - JJ' Ci - f: -«•?. 
la tkla oaf,  tko latoraoOiato proooaro for tko 
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' **<"-" 

taa aartlaa af taa caarga T »»11 +trm aat, will aa f««»« «* taa 

lull »f taa forwlt 

fair f«Mif 

»# - -J- <i -1> -«•* 

Caafelalag taa taraa alta f la taa 4*miMt«r, 

aaaaral pyraatatlca aaaatlaa «r taa aayaleal »tata 

!• tar»«la to aaaaat la taa aaeoai fern: 

(13) 

artta ta» 

tlaa far taa 

»r   - 
fa** 

%- + --(•-+)» ' 
Divltflac th« aaaoalaatar aatf  too aaaarator ay »Ä, aa4 raalaciag 

tfa*0 by*   ,   *w oatala afaatlaa (4) la taa follavlag lam: 

•r  - 
l - T 

(14) 

laaortla« glvaa osaroaalaaa of y , ti caa calcalat» taa 

eorraaaoatla*- «aaraaaloaa of py oa taa aaala of tala aaaatloa. 

If va aaaaaa f- 1 la aaaatloa (14),  taaa it eoavarta t» a 

gaaaral «faatloa: 

•l -       "      • 4   a - OJ 

taa aaaaral ayroatatlea aaaatloa, caaractariaiaff taa aagalt« 
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tip.   r-*<! 

la a ciiXttlot of taat,  MMfMl •<* - Sis'- 

•t tao  

tao gogroo of gooaor coaaaatloa coaslotog,  tao froo apaoo Vy 

tao «MNIMUT) lacraaaas to tao niM «tff/S aa a rosalt of llaorataaa 

•f tao opac* fr«* tao tailMtUi of ftHir, aa* gocroaaoa MI a raaalt 

•ff tao aggltloa of tao MtKnUr volaao of foraog gas (oovolaso) 

o«f (fig.  1ft). ''i 

Fig.   IS - Scaoao of Varlatloaa la tao Froo «olaao of tao 
"  Darlag a Coaaaatloa of Poooor 

1) 
9) 

baglaalag of coaaaatlaa; S) latoraoglato 
oag of coaaaatloa. 

»at; 

lavostlgatlca aaovo taat la tao flaal coaat,   tao froo ralaao 

lth tfco p-rograaa of yoaaastloa. Caasogaoatly,   tao 

p^ ooao aot  lacraaao proportloaatolr to tao aarat fractloa of <f , 

aat  faator. 
actaally, at tk« aoglaalag of tao coaaaatloa, at «V - 0 aatf a 

goasltp of loaglag A , tao froo apaco la tao caaaaar (or la tao " 

«A   • W9 - U>//.    At tho o«S of tao coaaaatloa, at y - 1,  tao froo 

f    - W0 - a«* 

Slaco for prrovrlla aag altroglrcorla 

s 

X-i  a - 1.0 . O.g, 

n 

a > 

tkoa 

«-TS-7M7-U 
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«ttf> 1*»H- • W 
-#» 

^ > wv > wlf 

•f taa aaaaaar, or af taa boo»,  is oaallor at 

tloo taaa at  tao toflnlM of it. 

TIM goaarai fwnlt of ayraatatlca la of groat iaaortaaao far 

latorior aalllatloa.    ftwaaly, oataallaalag rolatiaaa aotaooa too 

•«rot fractioa of too afcarga f «ad too proaaaro at that iaotaat, 

it oloo aoralta aolvlag too lavoroo oroaloa: to datoralaa, oa too 

baaia of taa aagaitoaa of arooaara at a giraa aoooat,  what aorttoa 

of taa chargo? *ao eooolatoly aurat a» to taat oaooat.    Tko lattor 

data ara of laportaaco to tao gaa  foraatloa caaroetorlatlc of taa 

ir. 

actually,  ay aaloctiag praaaura aagaitaaaa ovar glrta latorvala 

of tlao, va oaa «alcalato taa corroapoadlag aagaitaaaa of ¥ oa 

taa aaola of taa earoo »fclea oa oatalaod ia tao toat wlta tao aoaa, 

of praaoara aa a foactioo of tlao.    Caaoaooaatlr, oa aro ia a poaltioa 

to Jaago taa varlatlaaa of tbo a*rat fraetioa of tao caargo ralatlvoly 

to tlao, aag tao rato af gaa foraatloa. 

•olriag aoaatloo- <14)  far «f ,  oa oktala 

s 

V- 
f • a - 

(It) 
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& -    * 
•jr •^r****-' 

la tha 

»plasias fknyd - a*)/~ , aa* aahtraetiaf ••* 

4«iMiMtor, pa «pa ssSlfy »ttttUi (If) t» tails 
1/4 

l •  3 ._ 
(It) 

l - 

W^ la tha Milan gas »r—wir» 1B taa flvaa «i 

la taia aauatlaa,  tat ratla (1 - «A)/(l - A//) 1« a valaa MMUit 

far a flvaa asparlaaat aMl caaractarlsias; tha aaaaltlsas Bf sharcl»« 

<*B «ill saalcaata It By a).    a. la alaa eaaataat, with aaly Pr varyls*. 

Tha ««»»it«*»   *- (l - o'A)/<l -A// ) raaraaaata tha rat la a* 

taa fra« apaca of taa haah at tha aatf at tha coahaatlaa lj • f# 

(1 -aÄ)   to lta fraa apaca at tha haslaalac of taa caahaatlaa 

WA    • W0 (1 -A/7).    Thla valaa la always laaa thaa aalty; at A- «.St, 

• -  I., aad /- l.C,   *- O.M.    At aasllar A,  tha aasa&tsSa » 

appraacaaa salty. 

7. oomaauTio* OP T» tarurocs or TO lovmai 
Tha gaaaral pyraatatlca aaaatlaa Sataralaaa taa arasssia Saaalapaa' 

ia B eaaataat apaca toy gaaaa faraaa Sarlag taa coaBaatlaa sf pssaar. 

la this eoaaactlaa, ataaapharle praasara la ataragarsaa', heaasBS Bf 

Ita BBBllaaaB as rasps ra a1 alta taa praasara af pssaar gsaaa. 

la sahst *s aiaarlsasts »ita hlaah pssssrs, slash psassr BBS alaa 

asa« far taa lfaltar, aa* tka sslght af taa laaltsr BBf lsslsssa is 

tha svsr-all aalght af tha aharga far tha parpasa sf aalsalatlaf tha 

BBBStty Bf   iMSiäf. 

fsaally,  «arts« asparlaaata la a hash ar «Uacharaas fi 

r-T»~f*ST-H 7» 



~r-s 

••    '-    » ;     ,      I 

•MfeiltM paoifcr 1« ig»lt*4 ajr IMM af a «lffaraat trpa Igaltar 

(lUek paaear, arraxylla).    aontlog ltaaIf eat first» tea Igaltar 

tr»*mi • eertala praeaare,  »»a lgaitee taa pasear tareaga its 

saata* gaaee aa4 gleeiag partlclae.    1to paasar eeelee te eera at 

a eertala ieltlal fttwurt p»,  eovolepa« fey taa gaaaa af tfce Igaltar* 

«a «tell «M taa «MliutUM: eelgfct ef If altar charge -f*>j»    " 

igaltar eaorgr - fg, corelaaa - ag, prooearo af Igaltar gaaaa 

prior ta taa eegiaalag af peeeer eaaaaatiaa * a*. 

Calaalatlaa af taa praeaare pg la n* •• taa eaele af goeel'e 

eeeatte»,  taklag late coaalearotiea taa apace**// occeploe by taa    ' 

»r itarlf prior to tta coabaetloa: 

»I     ' 
Vl 3» is*. VB 

»a - 
aa# »o-7 -5 ' 

<„J 
wWrt Ag *a^/V_.    tha aagaitaeo far taa ceveleae af Igaltar 

'«g»L ear a» eleregareea,  la rlae of lta aaallaaaa la coeparlaea alttr 

tka  fraa apaaa af taa teat *0 -«//. 

Par taa latereeaiata BOO»at la a eaaaaatiaa af taa peeeSr itealf, 

taa eagaltae* af preeaer», alt» «a olloeaaee far taa affact af 

igaltar geeee,  la espreae» 

ira af a gaa alst»r»; 

a to »ccoreaace alt* Paltea'e laa far tha,   ,_,  , 

V* • '•»* P* • 

r-T9-7srr-tx T 
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Dlorogarolof «WM 

valao for too f 

aoro tao ««Bit««» «a/v •• um§mam » »it* th« 

•Mlii: 

»Y lo tao priooaro of 

offact of too lgaitor, 004 la 

oooatloa 

<•* 

r gaoca witaoat olloooooo for to» 

4 a» tfce fooorol prrootatleo 

+tm wjjr? 

81 aca »t dlaiaioboo,   toaa fa*fc/*f lucraaoao. 

At tli« «Ml of too cooJowotloa,   tbo total »    oooro o'a> with aa 

tllowaae«  for  tfeo offacto of tao  lgattar,   la «xpraoooO by  tao oooatioo: 

/ 

»: - 
fyfalg +   fa» 

t_  - o*u- 
» 
»# - «w 

fo> 

»o - «»•> 
- Pi + P-» 

oboro 

,.. !*k     . Va. foi faV 
••* P- -  - A 

»    - aa» 1 - QA la-8«      1 - aA 
0 " 

< l'a ajuatioa «Itooot cooolooratloa of tbo lgaitor). 

•loco  1 - a« < 1 - A/A  tooo »^ > »• . 

Oaoor tho oslotiog coao'ltlooo of fuactloalsg to o aaaoootrlc 

ooa» <£ «9,1»; ««all /atl.tl* ofor oaokolooa aoaooro la loaatoo 

la too raa** fro« •••» to i.    Taat la,  tao «lfforooo* 
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p* «Mi p£ m*m a*« aacaa« 1H.    »MW« ••••rally •pa«fctag# **• 

pr*Mwr* *f tM» icaltar Is «Mil (frmi M f M, ill Nt ••*• tM« 

IM  W«")»   t|N   it   M|  Ml with • mttfi—x •f 

•SSaBü that p± - »I «*«,  comywitly, Pg aag ha 

•••Btaat  Valtt«. 

aa ayplieahl«: 

bar« •• w shall c«Mi4ir th* tallavlaf ffMilfttf 

• »—-Jö- 

"ia »ia» of this aaauaytioa, which »111 craatly aiaalify all 

further ealcalatiaM, th* Mahal a«.uatlaa aa* tM» itwril »yraatatlaa 

*«uatio« «111 b* written la th« followlag fora: 

p; - pB    - PB •  » 
l - a A v. - aw 

vk«r« 

•» " 1 - 
* • 

' 

'V -* 

Th« «avatlaa« «MMr that th* ««ar-all prvMar« «f 

rafl*t«ra4 is a »aaaaatrle boah,   is abtalaa« a« a ana «f tw> 

r-T»-T*rr-» ?• 
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• \fl£   ,      •    • '•   ft v. "*'   \ 

of lpoltor passs pg, aatf tlM >IIMw sf 

r pasos py; #r %• ootoralaaalo oa tao feasts of tao laltial 

aoraliao* pysastatlca aaaatloa, or HWl'i «owatioa vltaoat 

aslsarattoa sf taa iiflatm of taa lgaltar. 

Potoralala« V '«*• **• *••* aa,aatlaa, ao ofetala taa oafaltaso? 

taklap ist« cooslaaratioa tao iaflaaaea sf taa lgaltar: 

<¥-• 

•* -•• 
••• « - 

1 

T 
1  . «A   p«   - »• 

1 • ,    JL 
- -*• p*   •. 

:•   i| 

Tao laelaSo* praaaaraa pB aaS p' eaaatltata tao actual pi 

roglataroS ay ta* cruaaar,  or ay aay otaor laatruaoat. 

•laco tao ooaatloa raaoara calculatloaa of a aoriaa of aspi 

for f rary avfcaarS la plottla« aa asparlaaatal pro—aro eorvo 

raplatoros' ay tao laatruaoat, «a aava cooplioS taaioa for tao 

of oxpoSltlag tao aork lavolro*. froa tao aagaltasa of tao ratio 

<p* - Pp>/<». - Pp)» It la al.pl» aas aaay to flaS, fey tao alS of 

taooa taaioa, tao corraapoaSlap ospraaaloaa of *f as a faaetloo of 

tlso t, aaS to ssfea a ballistic aaalyala of tao poosar. 

Tao aagaltasa of tao saaoolaator p^ - p    la eoaotaat for a piroa 

ozporlaoat;  p'  la takoa froo tao aoaaaroaoat of too prossaro «woo; 

also frost it, so aaatally calcalata tao proosaro pp of taa lpaltor 

gaaaa,  oaastaat for all palata of aoaaaroaoat.    Taoa oo Sataralao, 

fey tao alS of a alls* rala. 
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v J.-l 

• - 
•\-*ft 

«a aaka tka comrttei list«« 

y-- »' -»• »• -»» 

»•-»»••<*;-••>   »•-»»•»/>; -»»-<»•- »»17 

•• - 

i» - 

»• - 

K' 
o - *>•» 

At  this tlas,   tka iw rotia 0 - (a* - •»>/<»» - »ft>  *• 

iatroaucad iat© tka oaaoalaator mmd tka aaaaratar; aa4 eoi 

*Y*pp**rw as a  fsactloa of tko coaataat aagaitaoa 9 aa4 tka 

varlabla A: 

f- 
»+ (1 - S>0 

itl» 

Tka aacaitsaa I - (•'  - »»>/(•» - »9) »arts« vltfcla tka 

fro« 0 to 1.    Tka aafaltsaa  •- (1 - <sA)/(l -A//) •>lck 

oa tkraa casataata a, / iM A Cafes« a asoraackaa 1, lassraackoo I.«), 

aaoally variaa fro« O.M to 1,  oopoos'laf oa tka flactaatisso ofaV, 

vitfcla tka iistts of O.fts-O. 

Tka taklaa ara arrases* for soak assraasios of •,  ffoo •.•# to 

•.ft? k» asristisss of 9.91. at •••! rariattasa sf tka ratio 

<»'  - »»>/<». - »»> »itkla tka rao#s froa • to 1. 
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TW imuwwit of the taMe im aaalogeo)» ta UHM •* 

fear-plaee legariteaa. 

The taalee are la the eeppleeeat,  «eich als» 1M1«4H leetrvetleee 

far their aaa. 

gaavlag, »*» prieclple ef * varlatiea relatival? to tie»,  it la 

a la« peeolhle ta flag the esperlaeatal lav af varlatiea af the 

aegattege i^,  1.«.,  taa raf af gaa feraatioa. Tals valve ia eee 

of taa aara lapertaat chcracteriatice.    gaevleeg» af it perolte 

regvlafA eg taa «fflax of gaeee eerlag a caaevatiea of povvor, aaa 

cbeckleg taa law of gaa preeeere varlatiea. 

• .     0« tDOCBD UDNffM 

Aaoeg other tatago, the preeeere la taa bore of taa gaa apeeere 

aa a faactlaa of tee voluae of laltial air epace, correepoegieg to 

taa loeatloa of the projectile ta taa aara at a glvee laataat. At 

taa boglaaiag af taa poveer coabeatloe, taia velaao W la eeval to 

tho voleee of ta« cheeber »0-  vebeeeeeatlp, lt iacraaaaa vltb tao 

W 

aotloa of tao project11« to a voleee ee/«el to UM» voleae of a 

cylleeer haviag taa croaa aoetloa of tao gaa aara (iaclaalag 

aa lta beee,  aeg taa laagth of  the travel X of the projectile aa 

lta height; 

W - «0 • a I. 

•lace,   la practice,  preeeere ia eeaneelr expreaao« aa a fe«4 

of the travel accoapllaee* ap the projectile,   rather thaa af taa 

veleav»   lt la aore ceevealeet to replaoa all volvaoe b? corrcepeoo'lag 

leagtae.    Severer,  la vie« of the fact that crave aectieae of UM» 

chaaber are aot 1 eee t leal at varlcna palate,  ee4 are larger thaa the 

croaa eeetlee of the bore,   the valaaaa of UM» caanavr eeg of UM» 

r~Ta-73S7-aX •! 



•r« aat »roaortioaal to MtMl laagtaa.    Ttor»f»ra,  to facilitate 

• aar» owwilnt aparatto» with aaaitlaaal »«aattoaa ottola»« la 

pvroayaaolca,  "raa»—«* loagtaa" arc latroawcto to roalaoa 

volaaoa la »««atiaaa a» collator twlnm of o«»al 

ktnti tto crooa aoettoa araa »f tto gaa »or» aa ttoir 

laacta af »scfc collator» is call»« "täa rotocaa1 lta«tb »f tto 

ctoator."    It la «aalcaat»« ay &0, ato aatoraia»* ay taa »avraaaia»; 

•lee» tto actaal craaa aactloa of tto caaator «111 to lara»r 

tkaa a,   tto radacto Ua*t» Z# will to creator taa« tto actaal loaffth 

of ckaator£ta.  (•) 

Taa volaa» of taa laltlal air apaca «111 aow appaar as: 

1 - a^ • e£- a(J^ + £>. 

After «••uctioa of taa «olaaa of  tto »till  lacoaplotolr 

to rat pootor aa« tto eowl«w of tto torat portloa af tao ctorge, 

tto fro» volaoa of taa laltlal air apaca «ill to eapraaaai ia ttol» 

«ay: 

ml - at (i - r) -a wf - w>   + a/. •a* 
It caa to rapraeaata« 1» tto for* of a 

nt<Y • mt m m {tw* I), 

(•)    Tto iatraaactloa of Mat reaaB«« laagt* la a aaroly aattoaatiaal 
•farattoa.    It fall» to »aaatcor tto iaflaeac» »f tto fa*» at ta» 
atoator. a to af ita craaa aactloa, »a tto gaa foraatioa lav, aa* 

tly oa tto aagaitaa» »f #»• p>r*aaara. 

w-n-im-n ** 



»«.I-      .->••*. 

VV-"-^l'1,>-M1'^.^-»-^-i»t7 

1» taa •atoopi laägt» •« taa fnt WIMN •( taa ehMltr at ft 

«lV*M aaMBt. 

•aria« taa aarlatf af aaa#»r aaaaaatlaa, taa a*c»ita4«<ly 

vartaa vital« taa raac* **aa % « g^ /« - <»# -uv'f)/« • 1#(1 - A//> 

at taa aagiaalag of taa e—a— tlaa,  to »4 - Wj/a - (*# - o*4/a - 

/»(l -- aa)«t taa aaa af taa caaaaatlaa (V- 1). 

•»aavalla 

r-Tt-Tssr- 
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